




RECORDS 


OV THB 

GEOLOGICAL SURVEY 


OF 


INDIA. 


VOIi XII. 


piTBLiaiiEP ur oitorre op ma ExcBLi^Evcr run (4 ovl’rnob aB.vnaAL of ifoxa i^r COFifoUi 


CALCUTTA: 

FttINTCD FOB TBCE foFBBKUKWT OF TNPIA* 
lOIfDON: TECbNEB and 00. 


MPCCCJ^XKIX. 




CONTENTS 


Vaov. 

Anxua. 1, RFroRT OF THE Geolooioal SuiiFEir OF India, and of the Gbo- 

TiOGJCAL M ns RUM, CAliOU'IJA, FOR THE YEAR 1878 ... ... 1 

OEOLOrtY OP KaKHMIb, (3rP NOTICE), BY R. LyDEKKER, B. A., GEoriOGICAL 

Survey op India ... ... ... .. .. 15 

FuiriuER Notices of Siwauik Mammalia, by R. Lyddkkkr, B.A., Geolo- 
gical Survey of India ••• ... ... ... 33 

Notes on some Siwalik Birds, by R. Lydbkkbr, B. A., Geological 

Survey of India ... ... ... . ... 52 

No'ifh op a tour tueougu IIangrang and SriTi, by Colonel C. A. 

McMahon ... . ... ... ... 57 

NoIE on a RICLNT M17T> EKUPIJON IN RaMRI IsLAND (ArAKAN), J;Y F. R. 

Malllt, F G.S., Giol<»G!cal Survey of India ... ... 70 

On Braunitl, wuh Rhodonite, from near Nlaruii, Central Provinces, 

M F. R Mallet, F G.S., Geological Survey of India .. 73 

PALiRuNl01iO(.lCAL NOTES FROM IHE SaTPUKA CoAL-BASlN, BY OlTOKAR FeIST- 

MAMTL, M. I) , Pala-joniolooist, (Jlological Survey oi* India ... 74j 

SlATlsT-lCS OF coal IMPORTA CIONS INTO INDIA, BY TuEO. W. fcf. HUGHUS, 

<11 LOLOLHCAL SURVEY OF INDIA ... ... . ... 83 

Noii3 on itiE MoitpIni Ooal-pil’ld, by H. B. Medltcott, M. a., Geolo- 
gical Survey op India ... ... .. .. 95 

On Pyuolusite wiin Psilijmelanr occurring at Oosalpur, Jabalpur 

Dibiwicr, BY F. H. Mallet, F. G.S., Gi:olo«ical Survey op India 90 
A gisologual reconniussance FuoAi the Indus at Kusdalgakh to thl 
Kurram ai Th\l on IHE Afghan Frontier, by A. B. Wynne, 

F. G. S., &c., Geological Survey of India ••• 100 

Furiueu NoiEs ON tuij Gbology op the Upper Plnmab, uy A. B. Wynne, 

F. G. S., Geological Survey of India ... ... ... 1J4 

On IHE geological features of the northern part op Madura Dis- 
trict, THE PUDUKOTAT STATE, AND THE SOUTHERN PARTS OP THE TaN- 
JORH AND TrIOHINOPOLY DISTRICTS INCLUDED WITHIN THE LIMITS OP 

Sheet 80 of the Indian Atlas, by R. Bruce Foote, F. G.S., 
Geological Survey of India ... ... ... ... Ill 

Rough Notes on the Cretaceous Fossils from Trichinopoly District, 
COLLECTED IN 1877-78, BY R. BrUCE Foote, F, G. S., GEOLOGIOAti 
Survey op India ... ... ... ... 159 

NoiKS ON THE GENUS SpHENOPHYLLUBI AND OIIIER EqUISETAOEJJ WITH RE- 
lERENOE TO THE INDIAN FORM TrIEYGIA SPECIOS^, RoYLE, (SfHEKO^ 
PHYLLUM TRIZYGIA, UnG.), BY OtTOKAR FeiSTMANTEL, M. PALiE- 

ONTOLOoisT, Geological Survev of India ... ... IC3 



C 0\TI XTS. 


Paat 

OjT akp AiAuwiiiL AlioM iHC WiproKP Di‘‘rRici, BY F R Map- 

J* G, S, GroLoaxcAP Siryiy oi Iadia .. loO 

^iOUt OoacBTPPji FROM tttK KHAfai Gipis, BY F E MArnj, F G S, Gjo- 

ijoaiCAjt. fcJoiAVET or Jnpu .. 172 

tJOfB ON THB ♦lo<»A M lOHUOURHOOP AND OID MINFS ON IHl NurilUPPA, BY 
G- J Kiouoxts* 0 8, Oli'iciAiiNa Oommissionj r oij Kxcxbi, Cin- 
YBAP FbOVXNCFS • »* ... 17? 

KoTM ON lHL'*AirO<N HTArTh**AND 1 fIF TI lk(»BAlII 0* OrOGl U lOSlIION, 

BY Db* W. Waaupn.. ... .. 1S3 

On a marginal BOKr oi an t ndi s( min d loiioisi, dom ini T lui Si 

WAtfKS, NFATt Nil A, IN IHl PoTWAK, PUNI\r, i\ W T IH OHXLI) (?10- 

POfliCAi S^JRVKY 01 India 1S(> 

SkIptoN of rxtr Giopotn oi Noriti \i{f()i J)isrniti i\ R i?iici Toon 

FQS, Ol()I(.)C( 1( Ai 8 ihvi\ oi India 187 

On TJlk COMINUAIION OF nil RO\D ^JCIION 1 loM !Ml RKll 10 Abboti 

APAD, A B Wynnf, FGS, Giolouicai Slkviv oi India 208 

DONAIIONB io IHI MirmiM 87, HJ, 17G <1 211 

AppHlONb 10 lUL LllDAlY 87, IJI, 17G A 211 





EECORDS 


OF THB 

GEOLOGICAL SURVEY OF INDIA 


Port 1.3 1879. [February* 


Annual Report op the Gbolooical Survey op India, and op the GsoLoaiOAL 
Museum, Calcutta, for the year 1878. 

In tbe report foi* a year that has been comparatiToly unproductive of fresh 
work, I have to record, a«t compensation, the complofcion of the Manual of the 
Geology of India. The two facts are, indeed, closely connected : The Manual is 
principally— readers will often find cause to regret that it is not all — ^the work of 
Mr. Blanford, who was thereby prevented from taking the field in tho open 
season of 1877-78. When resuHs are to be measured by tbo knowledge gained 
from tlio study of obscure facts, many circumstances affect the tale of progress, 
which depends more upon the study than upon tho accumulation of what are 
called observations. Geology has suffered much from tho delusion that the two 
ofilccs can be separated. 

Tho Manual itself is a progress report im, extenso — a full summary both of what 
is known and of what we fancy to be known regarding the geology of India, «.6.; 
of supposed (partial) facts, and of the apparent conclusions therefrom. Despite 
explanation and cautions given, students are likely to forget the very soaniy SAd 
crude state of the information upon which much of tho work is based, and 
therefore how liable to overthrow are the inferences suggested from that inform- 
ation. Such inferences have been freely offered in the Manual, in order ,io give 
point to the description, and to incite other observers with the agreeable en- 
couragement of discovering error, Kow that a more iutelligent understimding 
is gaining ground regarding scientific method, the rational use of hypothesis 
as opposed to dogma* it is possible to be instructive wjithout misleading otbers or 
stuh%ing one’s self. Unfortunately, our work in India stiU suffers front the 
impunity with which either blunder might be comioltted $ as the business e# 
comotionL and exposure is almost entirely in our owtjt Jbaiids. I^fae duty 
ooneetion will not, however, be lost sight of, or evaitol^ The Menual affMhli m 
excellent datum-line, available to all, from which 10 m»xk the phases 
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process, and the annual report is the appropriate medium for bringing to notice 
such changes ast have become necessary in the provisional interpretations of that 
dale. Already, almost coteraporaneously witli tlio publication of the Manual, the 
balance of evidence on bomo points has been affected by the results of the last 
season’s work, m will be mentioned in the following remarks. 

Before alluding to this work of detail, I would make mention of some general 
observations on tlie geology of India published within the year, and based upon 
the work of the Survey. Our distinguished colleague, Dr. Waagen, whose services, 
1 omliappy to say, are still engaged in our hohalf, so far as his health will permit, 
presentod to the Academy ot Vienna a sketch of the geology of India based upon 
a discussion of its palanmiology. Work of this kind is of the highest value and 
interest, as representing tin* results and the rationale of the details of paheonto- 
logical vescarcli. For the benefit of English students, in India pr elsewhere, a 
translation oi the paper is published in the Ttocords for November. 

So tar as relates imniecliiitely to India, the features evolved arc of permanent 
importance. Tlie only misgiving that occurs to one in respect of the wider gcncr- 
ali/iitioiiH is, that tlui provisional condition of the biological principles upon wliich 
most of those deductions depend may not have been sufficiently kept in view. 
Several rclntions in the comparative jjalffiogeogiiiphy of very distant countries 
are couOdently assigned, on the assumption of certain laws of distribution of life, 
in time and space. Now, however confident we may feel regarding the general 
principle of the derivation of organic forms, the particular view of that piinciple 
necessary to the validity of such speculations as those under notice is still under 
discussion, and the lainiliar application of it, as if established, may (or even must) 
seriously interfere with the vcnfication and study of tlic great biological problem 
wLicb is the bighest object of geological pursuit, and as subsidiary to whicb 
ihe&e goograpliical puzzles are principally of any interest. To those who are 
awake to the iinjiortanco of tho vital question, oven though they may not be 
qualified to discuss it directly, such interference is a subject of regret. 

In tb j last presidential address to tbe Geological Society of London, Professor 
Martin l) uncan gives a most instructive review of many complicated problems 
in zoology and palaeontology. From his statement of the objections to accepting 
the relative classification of the tertiary rocks of India, as recently put forward 
by the Survey, it might ho thought that some decidedly unscientific prejudice 
had had influence in the discussion. Objections are of more service to us than 
approval, and some of those made by tliis high authority may not be so easily 
removed as the one 1 have mentioned. With the gi*eatest resxioct for the work 
of the illustxious Falconer, of whom we are most justly proud as the local founder 
of paJaoontologioal research, it vm not) thought that his views could bo final, or 
that thoy were compatible with a fuller knowledge of the formations. He had 
treated as fauna the fossils from a prodigious series of strata, in which those 
fossils aro % no means promiscuously distributed. It did not seem even that 
Falconer himsett had considered his opinion conclusive on these points of correla- 
iioUi more especially as regards %e older gravels of the Indian river valleys. 
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When, therefore^ a stone implomont was found in these gi^avels, it was made iho 
occasion of a special consideration of some feuiures of the case that had not pre- 
viously been discussed. This proceeding was no more than was demanded by the 
peculiar interest of the occasion. The same jndicious caution has markedly 
characterized the most recent investigations by perfectly impartial observers 
regarding the human period in England. 

Peninsular mea : Azoic rocks^^To follow the order observed in the Manual, 
the azoic rocks are noticed first. Tho Arvali region is the only ground whore wo 
have been especially engaged upon these formations during tho past season. 
Mr. Uacket examined a very large area at the northern extremity of the range, 
with all the outliers between Dcog and Tosham (near Hansi), up to tho Jumna 
at Delhi. Mr. Hackot has hitherto had this area all to himself, and at jDages 48 to 
52 of tho Manual an abstract is given of tho provisional views then suggested. 
Very considerable changes in the stratigraphieal series are now proposed. Tho 
Mandan and Ajabgnrh groups, lying mainly to the west of tho Alwar and Delhi 
range of quartzites, were placed at tho top of tho scries. Tho Mandan rocks occur 
in isolated ridges, and were separated from tho Ajabgarh bods on account of tho 
absence of certain bands that arc prominent in tho latter grouj) ; while tho 
Ajabgarh beds were idaced above tho Alwar quartzites on account of some cases 
of stoop, partial superposition which must now bo regarded as inversions, for 
Mr, Hiieket considers both tho Mandan and Ajabgarh beds to bo roprosentutivo of 
the Kaidlo group, underlying the Alwar quartzites. In tho study of exteiiRive 
areas of contoited transition rocks, tho tendency is usually towards a greattT sub- 
division and expansion of the series, original features of unconformity being 
often disguised by the crushing of tbe strata; but Mr. Hacket makes out a good 
case for this contraction of the Arvali series, as first proposed, Tho very mixed 
and variable character of tho deposits of tho Ilaidlo group was pointed out from 
tho first; and in this os well as in other petrological characters the agreomont 
of the Mandan and Ajabgarh rocks is sufficiently close, besides that new sections 
have shown these to have the same relation as tlio Baidlos to tho gneiss and to the 
Alwar quartzites. 

Tho adoption of two instead of four groups is, so far, an apparent simplification ; 
but the chief structural difficulties of the ground are still unexplained. These 
are, the almost incompatible variations in the relations of these groups to each 
other and to the gneiss. In many sections the two grbups are described as com- 
pletely transitional, by interstratification. Again, each group is locally dcscribod 
as transitional with tho gneiss : the Bai^lo block slates passing dovm into a dark 
schistose gneiss ; and the Alwar quartzites being traxusitional downwards with a 
gneiss that is only a subfoliated felspathio quartzite. But in other sections tho 
Alwar quartzite is described as overlapping on gneiss, as in the bills between Ddepur 
and ^Kbondela, 40 miles north-west of Jeypore. These discrepancies might bo 
got over by assuming that all the gneiss is simply conirerted Atvali strata, the 
metamorphism having extended locally to different horizons ; and that tbe word 
* overlap* is 'misapplied in such oases, for ft implies a primitive gneiss, vriih 
original lood absence of tbe Baidlo group ; and no distbiotion of gneisses Jm been 




attempted. This easy solutioB of the difficulty might be adopted, were it not 
that other observations independently require such original conditions as are 
implied overlap : in the little hills south of the railway between the Basi and 
Jatw&ra stations, 20 miles east of Jeypore, a coarse conglomerate occurs at the 
junction of the Alwar and Eaidlo groups, containing large boulders of gneiss, 
quartzite, limestone, and of a banded jaspideous rock, in a schistose matrix. Now, 
it seems impossible, under any recognized doctrines of rock-formation, to consider 
such debris as this to bo derived from the series in which it occurs ; and the 
gneiss boulders especially require the supposition of a metamorphic series older 
than that of the Arvalis themselves, and upon which an overlap of the Alwar 
quartzites might naturally occur. But no such rocks have been discriminated 
within the very large area of these formations explored. Should this strati- 
graphical evidence fail, it may be permissible to suggest some primitive conditions 
of rock-formation, involving some very rapid process of induration of deposits, or 
even their crystallization, to take the place of what is commonly implied by 
metamorphism ; and also involving much greater facilities of very local disturbance, 
whereby the same deposits may be strongly unconformable and in unbroken 
sequence, within close proximity. The proved extreme antiquity of the transi- 
tion rooks of the Indian Peninsula admits, perhaps, of some appeal to conditions 
differing widely from any standard of processes now in operation. These rocks 
may, indeed, be azoic in the original acceptation of the term — anterior to the 
appearance of life in this portion of the earth’s surface. 

The foregoing remarks refer only to the Arvali rooks, as hitherto described ; 
but TsIt. Hacket* a observations oi last season lead him to extend these views to 
some Toeka oi tbe adjoining region to the east, although without a re-examinatiou 
oi these sections. The change offers an immediate relief from the difficulties 


stated on pages 61 and 62 of the Manual. At the eastern edge of the Arvali 
region, close along the Bcar}> of the Vindhyan series, there appear in the Hindaun 
ridge some typical representatives of the Gwalior series. In their standard area, 
to the east of the Vindhyan basin, these rocks rest, undisturbed and completely 
unconformable, upon the gneiss of Bundelkhand ; and the puzzle was to find a 
place for these Gwaliors of the Hindaun ridge, either between the Vindhyans and 
the Arvali series, or between these and the AxybII gneiss ; the former alternative 
being provisionally accepted as the least anomalous. It was thought that the 


peculiar composition of the Gwalior rooks and their local unconformity to the 
Arvali series forbade their being identified with this Series. Now, however, 
Mr. Hacket considers that, as with the Mandan and Ajahgarh groups, so the 
Gwalior rooks must be brought within the horizon, of the Raiao group, and for 
aiinilar reaeoi^. The most and pievailing character of the Gwalior 

aeries is tbe presence of jaspid^^us baiwjs, generally of a Inight red colour. The 
special iiate of ihia roc]^;^^eyer^^^^ locally, would be in itself an 

The obj^tioin 

^pact aiJiciouB hands ihe 
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The Gwalior rocts have been independently ranked as in the upper transition 
series of Peninsular India, as probably equivalent to the Kadapah series of 
Southern India ; and thus the Arvali series, in groat part metamorphic, would bo 
brought into a more defined position in the general scale of Indian formations. 

Oondwdna roclcs : Palamow. — On page 198 of the Manual mere mention could 
be made of the * unsurveyed basins of Palamow.’ A desciiption of these coal-fields 
by Mr. Ball, with maps, has since been published (Mem, G. S. I., Vol. XV, pt. 1). 
This ground is more accessible from the trunk railway than the coal-basins of the 
upper Damuda valley ; and projects for working the coal have lately been pro- 
posed, Two new coal-fields have been marked in the basin of the Koel river : the 
Aurunga field on the east has an area of 97 square miles ; and the Hutdr field 
on the west, traversed by the river ‘Koel, has an area of 78 square miles. Both 
measurements include the whole of the Gondwana deposits, but the areas to be 
deducted from the Talcliir outcrop are, small. So far as could be determined from 
surface indications, the coal of these areas, especially in the Aurunga field, is not 
so good as that of the smaller Daltonganj field, lower down the Koel, to the 
north. 

The geological interest of this ground is, that here a marked change takes 
place in the petrological characters of the Gondwana system, between the series 
as developed in the Damuda valley coal-fields and that found in the great 
midland area of South Rewah (the Son region), as well as in the Mahdnadi and 
Goddvari regions. In the Damuda region three considerable deposits (the Iron- 
stone Shales, Raniganj, and Panchet gron 2 )s), of lower Gondwana ago, are petro- 
logically well distinguished from the lower coal-measures (Bardkar group). 
These groups are hero overlaid by a thick sandstone, generally characterized by its 
comparative want of earthy bond, and its consequent porosity. It was originally 
named the upper Panchet group, in the Raniganj field ; but from its presum- 
able equivalence to the Dubrajpur sandstone of the Rdjmahdl region, in which 
upper Gondwana fossils occur, and from partial unconformity, it has latterly 
been separated from the lower Gondw&na scries, under the general name 
‘Mah^deva,’ which is at present a partial equivalent for upper GondwAna. In the 
midland and south-eastern regions a sandstone of this type rests immediately 
upon beds representing the lower coal-measures of Bengal, and overlap-uncon- 
formity is at many places very marked at this horizon. Notwithstanding these 
marks of changed conditions, it appears from the fossils that a great thickness 
of these upper sandstones (Kimthis) in the Goddvari valley must be recognized 
as lower GondwAnas, possibly On the horizon of tjite BinigOnj group of the 
Damuda fields. ^ 

Mr. Ball established the same fact for the upper Itodcirtones at Hengir m the 
Mahdnadi region; and he now (?. c„ p. 46) confii^ the observation qf the 
strong resemblance between that rock and the 
coal-measures m Western l^alamow,'; bui,whibli he 
identical ^ stmtigrapluoa% with, :snpr^Pimcbe|’;‘;;p^^ '-flie 
area, .Upon this, the 'suggestion ;is 4ada thkt 'the ' 

of. the charaoteriskos of twogbuji^Si; 'jwhioh in Palainoiiijr;^l^ 
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inteiral. Of such distinct intetral, however, no more direct stratigraphical 
evidence is found in Palamow than elsewhere, beyond the original feet of the 
intercalation of deposits not. found away from the Damuda area: the apparent 
sequence of the upper sandstone (Mahddevas of Mr. Ball’s report) on tlio Bara- 
kars here being at least as regular as in tlie south-easteim Gondwdna regions ; 
so tliat the expectation to find lower Oondwdna fossils in this rock here would 
still bo justified. Thus, the question stands pretty much as before, save that we 
know exactly where this change of petrological characters takes place. 

It had been surmised that this change would coincide with tlio limits of the 
Pamuda valley ; but Mr. Bail has found that it is not so. A barrier of gneiss, 
b(‘twcen the Karunpura and Aurunga coal-basins, divides the waters of the 
Damuda and the Aurunga, which is a tributary of the Koel ; and in the eastern 
part of the Aurunga field the Panchet and Baniganj groups are about as well 
developed as in the Kdrunpura field, their combined tliiekness being about 1,700 
feet, and they arc covered by the upper sandstone. Notwithstanding this great 
develo]jmont in thickness, the extension of tlicse two lower Gondwana groups is 
strangely limited. The featui’c under notice is, indeed, brought within a compass 
of two miles in the hills south of Latehdr, at the west end of which the upper 
(Mahddeva) sandstone rests on Barakars, and at the cast end on Panchets. Both 
the north and south boundaries are represented as faulted, so that the overlap 
cannot be followed out ; but this case gives at least the assurance that tlie 
covering sandstone, so differently circumstanced at its base, is one and the same 
formation. The absence of fossils in these sections is deplorable. Without 
them the position of this top sandstone in the general series must remain doubt- 
ful : in the west of the Aurunga field its relation to the coal-measures is precisely 
like that of the Kamllii and Ilengir rocks to the similar coal-measures of the 
Goddvari and Mahtinadi ^regions, while in the eastem part of the field it overlies 
beds (Panchets), which in turn overlie those (B&niganj) that have been corre- 
lated with the Kdmthis. 

The gneissic barrier between the Aurunga and Karunpura fields being 
much higher relatively to the former than to the latter, Mr. Ball considera that tho 
separation is duo to disturbance, by a sinking of the Aurunga basin; so that they 
may still be viriually considered as belonging to the same original area, and the 
similarity of tho sections be attributed to some peculiar conditions of that ground. 

In the Son region, sliortly to the west of Palamow, the upper sandstone 
scries becomes enormously expanded \ and if, as seems probable, this rock in 
Palamow represents tho base of that expanded series, which, again, in its 
southern extension is likely to be identified with the Eimthi beds of Hengir, 
then the top sandstone of the Damuda region cannot properly be classed as 
upper Gondwdna (Mah&deva), or identified with the Dubrdjpur group of the 
BAjmahU ^region; nor could the Kimthis then be properly correlated with the 
Btoganj groups tinless a certsin cerrespondenoe of the fossil floras at distant 
loealities is to set aside locSl superposition in the Damuda region, represented 
elsewhere by the most dearly widely marked stratigraphical change in 

the whole dundwAm series. 
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It is independently a most puzzling circumstance, how such great overlap, 
as that described within tho sedimentary sen'es in the Aurunga bEtsin, can bo 
attended by so little evidence of unconformity in adjoining ground. Mr. Ball’s 
supposition that much disturbance and denudation, whereby the chain of coal- 
basins of the Damuda valley were defined, and whereby tho deposition of tho 
upper sandstone was limited to that depression, intervened before tho deposition 
of the upper sandstone, almost increases the diificulties of the case in tho absence 
of any evidence for such unconformiiy as must have attended that event. 

The most distinct case of apparent disturbance-unconformity observed by 
Mr. Ball (7. c,, p. 87) is between the upper sandstone and the Panchots, not 
between it and the lower coal-measures. It is still an open question whether the 
apparent anomalies of these sections may not be largely traced to original 
(pre-Gondw6na) conditions of tho surface. 

Qoddvari rcy/o 7 ?.— From tho foregoing remarks it will bo understood that the 
distinction of upper and lower Gondwdna rocks in the Damuda region is still 
presumptive, based principally on tho supposod equivalence of tho top sand- 
stone of the series with the undoubted upper Gondw^na sandstone of tho 
detached area to the north-east, in the Kajmahal hills, and upon occasional 
cases of overlap-unconformity in the Damuda coal-fields. But similar uncon- 
formity and great irregularity occurs also in the upper groups of the recognized 
lower Gondwdnas of the Damuda region; while the most maiked lithological 
change and overlap-unconformity in the midland and southern Gondwdna regions 
is found within the lower Oondwana series, between tho coal-measures and the 
Kamthi-Hengir sandstones, which in this direction present the most maiked 
analogue of the top sandstone of Palamow. 

In the Qoddvari region the fixing of this middle Qondwdna horizon has 
been for some time, and is still, a great puzzle. On tho lower Goddv ari it 
seemed to bo made out by Mr. King, between tho local representatives of tho 
Kdmthi group and the Golapilli sandstones, containing a Rdjmahal flora; and 
Mr. King thought he identified this group on tho Prdnhita, just above its con- 
fluence with tho Goddvari, in the sandstone of Sironcha, having found Golapilli 
fossils in what ho took to be a top band of this sandstone at Andram, near 
Kota, not far below the well known Lepidotm limestone of that place (Aec. 
O. S. I., Vol. X, p. 55). 

Working from the north, Mr. Hughes found no upper Gondwdna rocks in the 
Wardha coal-basin, but at tho southern edge of that area* on the lower Wardha, 
about Porsa, tho Kfcmthis are overlaid by red clays, which are identified with the 
well known Oeratodm clays of Maleri. This formation spreads rapidly to the 
south. It is locally covered on the east by the plateau-forming oonglomeratio 
sandstones of Ohikidla, resting against Yindhyan recks ; and to the west it 
extends far up the Jangaon valley^ gradually ovetlai^iiig the Kdmthi strata* 
so as to rest against Vindhyans* and then passes undjer the Deccan trap. Here, 
too* plant fossils of decided upper Gondwdna Were found* so that m this 
cross-section the whole Gondwdna area* 50 miles wide* is occupied by well 
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marked npper Gondw&na strata. South of the Jangaon valley the Kdmthis 
emerge again in force, encroaching upon the upper rocks up to Sironcha, vrhere 
the latter are reduced to a vridth of six miles. Mr. Hughes carried his lines up 
to the Godavari and the Pranhita at Sironcha, recognizing no group between 
the Kota-Maleris and the Kdmthis. Here he encountered Mr. King’s Sironcha 
sandstone, the lithological peculiarities of which he admits, considering it 
more like the rocks associated with the Maleri clays, than it is like the typical 
Kimthis (Bcc. G. S. I., Vol. XI, p. 23). If, however, this rock, as mapped by 
Mr. King up to tho Goddvari from the souili, is to be taken in this light, or 
as a group distinct from both Maleris and Kamthis, or, as would appear on 
Mr. Hughes’ map, in great part as a peculiar form of the upper Kdmthis, 
a part of the ground mapped north of ^e Goddvari will have to be modified 
accordingly. 

Mr. King’s observations of last season are still conflicting as to which of these 
views may prove true. He finds the conglomeratic sandstone of Andram, with 
which tho upper Gondwdna fossils occur, to bo local, and considers it more 
likely to be a local deposit, or a remnant of an overlying formation, than to belong 
to the' underlying Sironcha sandstone. Again, he describes regular Sironcha 
sandstone as unconformably overlaid by the reptilian clays of the Agrezpali outlier, 
on tho Goddvari, 16 miles above Sironcha. Mr. Hughes thought those clays 
might be high in the Kota-Maleri group ; but Mr. King does not adopt this sug- 
gestion, and considers them on tho horizon of the beds at Maleri. Thus, these two 
observations are strongly suggestive of the Sironcha being lower Gond'wdna, either 
as upper Kdmthis, or as an independent group. 

On tho other hand, Mr. King is in favour of a division of the Kota-Maleri 
group, as he finds that its ujiper portion only, at and above the horizon of the Kota 
limestone, is represented in the prolongation of that formation south-east of the 
Prdnhita, overlying, if not faulted against, the Sironcha sandstone. Such an 
overlap would be valid ground for reviving the original question of the probably 
marked separation of tho Lepidotus limestone and tho Ceratodus clays. In this 
connexion Mr. Hughes’ partial identification of tho Sironcha sandstone with that 
associated with tho Maleri clay (Roc. G. S. I,, Vol# XI, p. 23) is suggestive 
of the possibility that those two rocks are locally representatives of each other. 
In this case tho views given in the preceding paragraph would require modifi- 
cation: the search for tho middle Gondw^na horizon would have to be taken 
up again, even in the Kota-Maleri area ; involving the reinvestigation of the 
horizon of tho plant hods in the Jangaon valley, as to whether they may not be 
in tho uppet division of the group, as is indeed suggested by the probable 
identification of the Chikidla beds at Bal^pur. Mr. King hopes to be able to 
revise, and decide upon, these cruciel points during the present season. 

Barly in the season Br. Feistmantel visited the S ji^ura ooal-baein, to examine 
m the ground some good sectiems of t^ 0ondw4na series, the flora of which he 
has been studying end deaerihinf so cs.refully, and with great advantage to the 
Sumy. The e^^^meaeures of those fields were always taken to represent 
the lowest of the Bs 4 i 4 Kla<^osl«meastu^ $ and Dr. Feistmantel has shown 
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tlmt they belong rather to that still lower horizon of ooal-bearing strata, reprosented 
by the EarharMri measures in Bengal. 

On the western confines of the Peninsula, whore the Gondwdnas become 
associated with marine strata, Mr. Podden broke new ground in Kattywar. He 
A\as detained by office work in Calcutta, in classifying some of the collections made 
by him in previous years, and arranging them in the new Museum, and he conse- 
quently did nut take the field till the end of 1877. In the early months of 
the past year he surveyed a portion of Kattywar, amounting to about 1,800 
square miles, comprised in Topographical Survey sheets 21, 22, 23, and 
portions of some of those adjoining. Mr. Fedden speaks veiy higlily of the 
excellence of these maps. The country examined is for the most pari flat, and 
tlie rocks consist of Deccan traps, overlying sandstone, in which some remains of 
plants wei*e found. These plants prove to be identical with those occurring in 
the uppermost jurassic or Umia beds of Cutch, and it is thus clear that a portion 
at least of the Catch jurassic series extends into Northern Kattywar. 

The greater part of the area examined consists of jurassic sandstone, the hills 
being of trap ; but to the southward, where the surface is more hilly, the traps 
cover the country. The beds, both of sandstone and trap, are nearly horizontal. 
In some places between the jurassic beds and the traps a thin band of limestone 
is found, which contains a few obscure marine organisms. This band may perhaps 
i*opre8ent the Bdgh beds of the Narbada valley. A few interirappean bands are 
found, and some outlying patches of milUolite were noticed resting on the trap. 

In Southern India Mr. Foote took up new ground to the south of Triehino- 
poly. In crossing the ci*etacoous area he made some valuable additions to our 
fossil collections from those formations. He also re-examined the localities 
where the XJtatur plant beds occur at the base of the series. He completely 
identifies them with the jurassic beds containing both plants and marine animal 
remains, described by himself, at many points along the coastal region up to the 
Kistna. From the entire similarity of the fossil plants and their mode of pre« 
servation to those of the depos^ elsewhere in which marine fossils are described 
in the same beds, Mr. Foote is of opinion that the Utatdr plant beds also are 
probably marine; in support of which view he mentions his inability to find 
stratigraphical evidence (more than overlap) of a break between them and the 
overlying middle cretaceous deposits, thus confirming the previous observation 
of others upon this interesting point. Mr. Foote’s notes upon these features are 
published in the Becords for the year. 

The country south of Tanjore has, so far, proved veiy uninteresting ; no rook 
appearing between the^gneiss and the coast alluvium, eacoept the Cuddalore sand-* 
stone formation, intimately blended with the csovering laterite. 

Hrim Penirmlar area.«-^In the entreme Korth^WtitilMi Vpxkjnh, Mr. Wynne 
made a preliminary examination of some new groim4 tn Sin&W) harii^ been 
prevented by difficulties on the frontier from following thn {jhawnfons of the Bfdt 
Bange across the Indue into Bannut m had propounds Owing to the 
tionally wet season, and illness oecaeioned thereby, the mmmt and details of the 
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work are not what Mr. Wynne expected to accompliBh ; still he has given a most 
useful reconnoissanco of the ground : the limits of the crystalline rocks forming 
the higher mountains have been defined, and a tentative classification and distri- 
bution given of the unaltered sedimentary series to the south of the gneissio area. 

The most interesting feature of the observations is the 4)xtension to the older 
rock-scrios of the contrast which has been known to exist in the newer forma- 
tions, between the Southern Himalayan area and the country to the west of the 
Jhelam. In Huzdra the rocks adjoining, and apparently in sequence with, the 
gncissic rocks are a gi'eat thickness of sandstones, quartzites, and dolomites, 
called by Mr. Wynne the * Tandl series,' presenting little or no correspondence 
with the strata similarly related to the gneiss of the Pir Pan j 41. But the most 
anomalous circumstance is, that Mr. Wynne provisionally identifies the Tandl 
senes with the * Infra Trias * group of the section in Sirban mountain (west of 
Abbottabad), which is there distinctly in unconformable superposition on the 
Attock slates (see Manual, p. 499), this relation not being so clearly defined 
at the junction of these slates with the main area of Tandls, west of Abbottabad. 
If these conjectures are confirmed, it would seem that the gneiss of Haz4ra is much 
newer than the central gneiss of the Himalayas. 

The severe famine in Kashmir interfered much with Mr. Lydekker’s work in 
the Korth'W est Himalayas. This, and a temporary indisposition, prevented his 
carrying out his projected trip to the Gilgit region ; so he spent the season in the 
mountains of Hrds and Tilail, where he has described some important sections of 
the sedimentary rocks. Mr. Lydekker insists strongly upon the transitional 
relations of the whole series from Silurian to upper tria&sic (see ^anual, p. GGO). 

Colonel McMahon has again made an important contribution to our work in 
the Himalayan regions — this time in the Central Himalayan districts, to the north 
of the Simla region of the lower Himalayas. His observations involve a recon- 
sideration of some views pi'ovisionally put forward in the Manual, while yielding 
confirmatory evidence upo^ others. 

The strongly unconformable relation of the limestone and slate series of the 
lower Himalayas to the central gneiss, presented some difficulty as compared with 
the pseudo-conformity of the same sedimentary series to this gneiss on the 
Tibetan side (Manual, p. 679 (cp)). Colonel McMahon describes this northern 
junction within four miles of the intrusive granitic mass of Gongra, between 
liipo and tho Buhang Pass, as exhibiting an appearance of transitional metamor- 
phism, which contrasts with the more abrupt contact at the Bhabeh Pass and in 
Kiti. Such local action does not, however, disturb the inferences based upon the 
other sections. On tho other hand, he observed in Hangrang, east of the lower Spiti 
valley, the t:(.pper (Hath) beds of tho slate series to be in origin^ superposition 
cm gneiss at the base of the P^kxgafl Hountaih, the gneiss being, up to the very 
contact, profasely oat up hy large and sznaU granite veins that do not penetrate 
the overlying limestone and ilntes, which are not described as more altered than 
at points remote from the rock. This would appear to fix a very 

diAfinito limit ^ to the age ef grwirio vein^ and the total overlap of the 



PART 1 .] 


Annual Report for 1S78, 


11 


great mass of Hie slate series establishes for this area original conditions of nnoon* 
formity with the central gneiss, Uke those already exhibited in the Simla region. 
The position of this overlap, against the transverse gneissic mass of Purguil, 
shows, moreover, that this barrier between the Z^nskir and Hundes basins is of 
very old standing, though it may not always (since paheosoic times) have been 
so prominent as now. 

Another important observation of Colonel McMahon’s is his reaffirmation of 
Stoliczka’s original identification of the Krol limestone with the Lilang limestone 
of Spiti. This decided opinion, based upon immediate comparisons of the sections 
in those adjoining regions, although separated by the great gneissic axis, 
cannot be set aside ; it is at least as valid as the very broken chain of evidence 
upon which a different correlation was provisionally adopted in the Manual 
(pp. 595-6). The intimate connexion of the triassio and carboniferous series, 
as urged by Mr. Lydekker, wiU, in the absence of fossils, make the close decision 
of this question a matter of greater difficulty. 

Mr. Theobald made large additions during last season to our collections of the 
Siwalik fauna, the results of which are duly recorded, up to date, in Mr. Lydokker’s 
papers in the Records and the Palssontologia Indica. Mr. Theobald is now 
engaged upon the tertiary zone east of the Ganges in Rohilkhand, at the base of 
the Himalayas of Garhw&l and Kumaun. 

Mr. Mallet was deputed in December to report upon some coal seams in Rdmri 
Island, reported by the Commissioner of Akyab. Mr. Mallet could not form a 
favourable opinion of the practical value of these measures ; the coal is inferior to 
that of Bengal, fhd the measures are greatly disturbed, and would be very difficult 
to work. Specimens of a very different coal, a bright jetty lignite, were forwarded 
by the Commissioner from the Baringa Islands. The site of this coal has not 
yet been discovered ; but the fact that the piece sent is distinctly a piece of 
carbonized wood, suggests the probability that it occurs in isolated logs, and not 
as a continuous seam. The petroleum of this region seems, so ffir, to offer more 
favourable prospects than the coal. 


My own time was fully engaged throughout the greater part of the year in 
directing the work of the Survey, and in editing the priblications, including the 
Manual. Without a fuUy qualified Assistant pennm^tly at head-quarters to 
relieve me of some of these veiy important and respq^hjie duties, it is most diffU 
cult for me to undertake^ effeotiyely the more .congenial occupation of examining 
crucial questions in ^ fi(^d. I^he cumbersome camp life, and 

the slowness of moving about in w:ay, preyent ai^;i|i^jpenmt^ results being 
obtained within much Im time a fuU season field. At tlvs 
' >1dme 1 feet that mj leng fiel£,wd^^^ best; ;'^Tant 7 ' 

age of the w 

- ^ tn' made a shb^, fafip. 

:'the, Oommittee^ 'eppc^te4! ^ 

Viand by reh '&■ di8|fe^ ; 
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extensive injury to cultivation to he apprehended from reh in connexion with 
canal irrigation in the excessive dimate of North-Western India. My notes oh 
the subject were submitted to the Committee, and published in its report. 

I took the opportunity while in the neighbourhood to investigate two 
recent cases of supposed discovery of coal: one in the Siwaliks of Dehra, 
reported by the Railway Department, and one in the same rocks of N&han, to which 
my attention had been called by the Punjab Govemmmit. From my pretty 
accurate acquaintance with this ground, I was fully satisfied that the reports were 
fallacious ; but in regard to the importance of the subject, and to the general 
want of confidence in independent geological judgment, 1 visited both localities. 
The result was what I expected : it would have been impossible to extract one 
hundred-weight of coal from all that was left of the supposed “seams.” The 
repeated revival of these oft exploded discoveries is one of the chi'onic evils of 
the perpetuel change of staff in every office throughout India. 

• Puhlicatums. — Two principal Memoirs, expected to be issued within the year, 
have been unavoidably kept back. As explained in last year’s report, the letter 
press and plates of Mr. Wynne’s report on the Salt Range, forming Vol. XIV of 
the Memoirs, were then ready for issue, waiting for the colour-printing of the 
map. This has not yet been received. Fully coloured proofs have recently been 
passed for press, and the issue of the report cannot now be much delayed. The 
postponement of Mr. Blanford’s Memoir on Sind has been already explained. 
Mr. Foote’s Memoir on the Nellore District is in hand for publication. Thus 
the only number of the Memoirs actually issued during the year was Part 1 
of Vol. XV, containing Mr. Ball’s report (with three maps)^nthe Palamow 
coal-fields, of which a notice has already been given. By orders of Government, 
the price of these volumes has been considerably reduced. 

Th8 Rscosds for 1878 are, by way of compensation, much more full of 

matter than usual, extending to three times the size originally contemplated, 
and containing numerous outline-tnaps. 

Of the PxLJiOXTOLOGiA Ikdxca two large parts were issued during the year : 
one by Dr. Feistmantel on the flora of the Jabalpur group, containing 14 plates, 
and one by Mr. Lydekker on the crania of fossil Ruminants, containing 18 plates* 
Two other parts by the same authors are now in the press. A revision of the 
somewhat confused classification of these publications has been made, for pub- 
lication on the covers, from thie date. The price has also been reduced. 

far as compatible with other current work, good progress has 
been made in the arrangemeni and labelling of the ooUectiona in the new 
cases by Dr. Feisttnintel and Itlk. Dydekker in the paleontological galleries, and 
by Mr. MaUet in the minend gAQery. The frequeUt calls cm Mr. Mallet for 
nccasional asBays and form a serious hut unavoidable interruption to 

the aystexnaUe euemin^^ heie tuiddhg of the mineral products of Indi^ so far 
as represented in coUeotions* 

the ptit 960 TolumeSf or parts of volumes, have 
liesn ndMi to the library ; 49$ by purohaae^ and 488 by presentation or in 
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exchange. The new Stiings in the Jibraiy were completed within the year, so 
it will now be possible to complete the thorough arrangement of the books. 

Fersonnel^Mr. Hughes was absent on furlough for the whole year. Mr. 
Ball left on two years* furlough on the 1st of July. Mr. Lydekker was absent 
on privilege leave from 9th February to 8th of May? Dr. Feistmantel, from 
2lBt of March to 20th of June ; Mr. Mallet, from 2nd July to 19th of October; 
and Mr. King, from 27th July to 21st October. 

I regret to have to recoi-d the death, on the 23rd March, of Mr, Walter 
Lindsay Willson, who joined the service in March 1857. He had then been 
for some years senior geologist on the Geological Survey of Ireland ; and tho 
tmining he had there received was very marked in tho finished neatness of his 
field-maps in India. 

Mr. Carl Ludolf Griesbach, p.o.s., was appointed by the Secretary of State 
in the room of Mr. Willson, and joined his post on the 11th November. Mr. 
Griesbach’s acquaintance with the Karoo formation of Soutli Africa will be of 
service in elucidating the supposed correspondence of those strata with tlie 
Gondw^oia series of India. He has accordingly been deputed to take up work 
for the present on these rocks in the Sone region, in continuation of Mr. BaH's 
survey of Palamow. 

Apprentice Kishen Singh was on duty till November with Mi*. Theobald, 
who reports favourably of his intelligence, zeal, and good conduct. Apprentice 
Hira Lai was on* duty at head-quarters, where ho performed useful service in 
the Museum under Mr. Mallet and Dr. Feistmantel. He was sent to the field 
with Mr. Griesbach in November, when Kishen Singh was recalled to take up 
the duties in the Museum. 

H. B. MEDLICOTT, 

Calcutta, l Suxult, of the Qeologieal Siiwey of Lvdia. 

January 1879. J 


Lid of Societies and other Institutions from which Publications have been received 
in donation or e»chcmge for iho Library of the Qeologieal Survey of India 
during the year 1878. 

AttSTERi>AH.*-Boyal Society of Batavia. 

BzLFAST.«^Natural Histoiy and Philosophical Society. 
BBBLiN,~German Geolo^cal Society. 

„ Boyal Prussian Academy of SoieHoes. 

SonBAT.— -Bombay Branch Boyal Asiatio Society. 

BosTOK.'^Americaii AoRidemy of Arts end Soicnees. 

I, Boston Soeie;^ of Ketural Hlitesryv 

BimsnAU.«^Silcidan Sodoiy Nakurad Mtlimf. 

Bttiem.<--*Bri8tol Husenm. ^ 

„ Katnraliete* Society. 
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BBUSS£LS.-*-Geological Society of Belgium. 

,, Belgium Geographical Society. 

Budapest. — National Museum. 

Oaloutta.*— Asiatic Society of Bengal. 

ff Agricultural and Horticultural Society. 

„ Meteorological Survey. 

m (Mass). — ^Museum of Comparative Zoology. 

'ape Town,— D epartment of Crown Lands. 

Cincinnati. — Zoological Society. 

OPENHAGEN.— Boyal Danish Academy. 

Dayijnpokt.— Academy of Natural Sciences. 

Dijon.— Academy of Sciences. 

Dbbsdbn. — T he Isis Society. 

„ Kais. Leopol.-Carol. Deuts. Akademie. 

Dublin. — Royal Geological Society of Ireland. 
Eoinbdbgh. — Royal Society. 

Gbneva.— Physical and Natural Histoiy Society. 
Glasgow. — Glasgow University. 

Gottingen. — The Gottingen Society. 

Lausannb. — Vaudois Society of Natural Science. 
Liverpool. — Geological Society of Liverpool. 

„ Literary and Philosophical Society. 

London. — British Museum. 

Geological Society of London. 

Linnean Society of London. 

Royal Geological Society of London. 

Royal Institution of Great Britain. 

Royal Society of London. 

Zoological Society of London. 

Madrid.— Geog^phical Society of Madrid. 
idELBOUBNB. — ^Mining Department, Victoria. 

„ Royal Society of Victoria. 

„ Geological Survey of Victoria. 

Minnesota.— G eologicfd Survey of Minnesota. 

Academy of Natural Sciences. 

Moscow. — Imperial Society of Naturalists. 

Mt^NiOH.— Royal Bavarian Academy of Sciences. 

BW Haven.— Editors of the American Joumal of Science. 
pABZS.-^Geological Society of France. 

I, Mining Department. 
pENEANOE.~Boyal Geological Society of Cornwall. 

ol Katural Sciences. 

American Philosophical Society. 
tf Franklin BMHitute. 

PxsA.»Society of Ifatural Soienoen Tnseany* 


Cambeidgb (Mass). — 
Cape Town,— 
Cincinnati. — 
Copenhagen.- 
Daydnpokt. — 
Dijon. — 
Dresden. — 

93 

Dublin. — 
Edinburgh. — 
Geneva.— 
Glasgow. — < 
Gottingen. — ' 
Lausanne. — ' 
Liverpool. — i 

„ ] 
London. — 1 


Madrid.’ 

Melbourne.’ 


Minnesota. — ' 

9 * ^ 

Moscow. — ! 
MfimoH . — ] 

Ksw HiTBlf.— ; 

Pabis.— 

•I 

pKinujtoii.«~: 

PstuoiunraA.—. 
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Plymouth. ^Deyonfiliire Assodl^tioH. 

Bom 8. — Geological Coxmnission of Italy. 

„ Royal Academy. 

Rooekes.— Thomaeon College of Civil Engineemg. 

Salem. Mass. — American Association for the Advancement of Science. 
ff Essex Institute. 

Stockholm. — Royal Academy of Science. 

St. Petersburg. — I mperial Academy of Sciences. 

Sydney. — Royal Society of New South Wales. 

Tasmania. — Royal Society. 

Turin. — Royal Academy of Sciences. 

Vienna. — Imperial Academy of Sciences. 

„ Imperial Geological Institute. 

Washington. — Department of Agriculture, TJ. S. A. 

„ Smithsonian Institute. 

„ U. S. Geological Exploration of the 40th Parallel. 

„ U. S. Geological and Geographical Survey, 

Wellington. — Geological Survey of New Zealand. 

„ New Zealand Institute. 

Yokohama. — German Naturalists’ Society. 

York. — ^Yorkshire Philosophical Society. 

Governments of Madras, Bengal, and the Punjab; Chief Commissioners of 
Central Provinces and Mysore ; Superintendents of Great Trigonometrical and 
Marine Surveys; Foreign, Home, and Revenue, Agriculture and Commerce 
Departments. 


Geology of KashmIr (3rd notice), hy R. Lydukker, B.A., Geological Survey 

of India. 

With a Majp. 

Introduction. 

Partly owing to the famine-stricken condition of the country, and partly 
owing to personal disabilities, my geological work during the past summer in the 
Kashmir Himalaya has been of but very limited extent, and only a Comparatively 
small area of country has in consequence been surveyed. The work which I have 
accomplished is noticed in the present paper which treats chiefly of the geology 
of the Tilail and Dr4s districts, and also of a few places in tl^e vallqr of Kashmir 
which had not been previously surveyed. This paper must be read in conjuno 
tion with my two previous papers on Himalayan geologyi entitled Geology of 
the Pir Panjfl/' and “ Geology of Kashmir, Kishtinir^ and Pangi/^ ‘ 1 shidl 
frequently refer to the latter as my last paper.” 

1 Hoc. Geol. Sorv, India, Vol. IX, p. XI, p. 80. 
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I. — Valley of the Jhblam and KabehIb. 

I have first to correct the map published in the Geology of the Pir PanjdF' 
in a veiy important point. In that map the beds at the Mozaffar£bdd bend of 
the Jhelam^ north of the Mari (Murree) group, are classified as belonging to the 
Suhithu group. These beds consist of limestones mingled Yvith a few slaty 
shales, and very strongly resemble the rocks of the latter group. At my first visit 
I found afewnumnfalitesnearthe junction of the red clays and limestones, and I 
thought that they must have been derived from the latter. Last spring, however, 
I again crossed the river at Mozaffar&bdd, and after making a very careful exami- 
nation of the limestone group, I came to the conclusion that this did not contain 
nummulites, but that those which I found on my previous visit must have been 
derived from the red clay series. 

The limestones and slates of Mozaffarabdd agree very closely in general 
mineraJogical characters with the Uri limestones described in my paper on the 
Pir I'anjal, and I have therefore come to the conclusion that the two must bo 
referred to the same horizon. It is not possible, however, to trace the two 
continuously together, as to the south-east of Mozafiar&bid the slates of the 
^ K^j-Ndg come into contact with the red rocks of the Mari group. 

Slates similar in character to those of the EAj-Nig range, associated with 
newer rocks, occur in the Hazdra district to the south of Mozafiar&bad, which are 
now in course of examination by Mr. Wynne. It seems therefore probable that 
the limestones of Uri and the slates of the K&j-N&g sweep round the angle of the 
Mari rocks at Mozaffar&bad, and are continuous with similar rocks forming the 
ranges of the Hazara district, which have a north-easterly in place of the 
normal north-westerly Himalayan strike. 

In the above referred to map other Subdthu rocks are represented to the 
west of Dewal; these are on the strike of the Mozaffar&bdd limestones, and it is 
not improbable that they also belong to the same horizon. It must, however, be 
borne in mind, that further south to the west of Pindi on the same strike, dis- 
tinctly nummulitio limestones occur, and as there is great confusion of the rocks 
in many parts of this line, the position of those to the west of Dewal must for the 
present remain unsettled. 

In my last map^ the rooks on the left bank of the lower part of the Sind valley 
were left uncolored; an examination of these rocks shows that they consist entirely 
of the slates and sandstones of the Panj&l series, having a north-easterly dip at the 
Dal Lake. The rooks up the Tril ralley, between Srinagar and the Lidar valley, 
were similarly left imoolored in the same map. These rooks I now find consist en- 
tirelly of slates and sandstones, mingled here and there with the Fir PsnjM amyg- 
daloids; they must donbtless ell be referred to the Panjil series. These same 
i!0.db I have acgthwsrde to the section which I took last year between the 
Lidar end Bind valkyet and it is therefore apparent that the whole of the rocks 

Gkiole|y rf Xiwibmfir, Khhtwfr, ssA 
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north of the ellipse of carboniferous limestone which occurs neai* Srinagar must 
be referred to the Panjil scries. 

On the opposite side of the valley of Kashnfir, at Gdlmai’g, 1 have caiTied a 
section up to the central core of gneiss^ which here occupies the highest point of 
the range, and is continuous w ith the gneiss shewn in my last map to the south- 
east of the Jhelam valley. The gneiss above Grdlmarg has the same relation to 
the slates and sandstones as has the corresponding gneiss of the Pir Panjdl pass 
to the same series. This relation and the inferences drawn from it will be found 
in my last paper. 

II. — Sind and Tilail Valleys. 

The greater part of the Sind valley section has already been described in my 
last paper. During the past summer, howe\er, I had occasion to re-traverse 
this line, and some further remarks on the section which occurred to me during 
this second visit have been added in the present paper. My gi’cat object in this 
journey was to trace the limestone series of Sonamarg and Amrnath (Ambam^th) 
to the north-west, and I shall describe below the seel ions as they were met with 
on my route ; it may bo well in the first place to mention the route I took. 

Starting from the valley of Kashmir, I travelled by the Ladak road as far as 
the town of Drds ; from thence I tamed off to the westward, crossing the pass 
into the Tilail valley; I then followed the Kishongaiiga^ river as far as Gurais, 
making several detours to the uoi’thward. From Gurais 1 returned to the -village 
of Bodagram in Tilail, and from thence struck across the hills in a south-easterly 
direction v\& the Lahani and Gadasir valleys to Sonamarg in the Sind valley. 
A separate trip from Kashmir to Gurais along the Astor road enabled me to 
connect the north-westerly extremity of the Tilail section with the previously 
known rocks of the valley of Kashmir. 

At page 47 of my last paper I referred to a mass of gneiss mingled with a 
few b a TPd » of limestone which occurs in the lower part of the Sind valley, south 
of the village of Wangat. I then suggested the possibility of this gneiss being 
newer than the slate scries. A further examination of these rocks has, however, 
led me to come to the conclusion that the gneiss series really underlies the slate 
and amygdaloidal series, and that the former must consequently correspond in 
position with the gneiss of the Pir Panjih The peculiarily of the Sind valley 
gneiss is, that it contains some beds of unaltered blue limestone and others of 
white crystallised limestone; the occurrence of this limestone with the gneiss 
cannot, however, of itself, I think, be regarded as of any importance as regards 
the age of the rook. Very similar limestones occur in iket gKieiss of the Bhdtna 
river in Pangi, which were noticed in my last paper. 

Above this mass of gneiss I have no addittonsl remarks to make on the Sind 
valley sec^on, until we come to the great limestone seriee of Sonamarg. In relSF 

> The nsmo of the Kiehstigsags rlw does net on the ms]^* It ihetad heapptied te the 
river which riaos in ilKhul above Udjrond (Ctoojrcnd), and from theses dow» tO Gnmii. 
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tion to this scries 1 must observe that in my last published map, the boundary lines 
of this formation on the Drds side of the Zoji pass were taken from unpublibhed 
notes left by the late Dr. Stoliczlca ; a traverse of this route by myself has shown 
me that some error had crept into the map as to the position of the north-eastern 
boundary of the Zoji-la slates which v as put much too near the pass ; this 
error was most probably due to some misinterpretation of the notes left by 
Dr, Stoliczka. 

As 1 had not proceeded beyond Sonamarg when I wrote my last paper, I 
bhall take up the section from that place; the preceding descriptions of this 
section will be found at page 46 of my last paper of which this must be taken 
as the sequel. 

An anticlinal axis traverses the Sonamarg limestone series in a north- 
westerly and south-easterly direction near the village of Thajwaz ; this axis, as is 
noticed by Dr. Stoliczka,^ is continued from thence along the course of the Sind 
river as far as the halting place of B&ltal, at which point it bends round abruptly to 
the southward. As we ascend the Sind valley from Sonamarg, we find higher 
and higher beds forming the exposed base of the anticlinal, till at Bdltal the 
rocks consist in great part of white dolomitic limestones like those of Ammdth 
cave, described in my last paper. A great portion of the lower white dolomitic 
rocks of the latter place are replaced in the Sind valley by blue banded limestones 
intermingled with slates. 

Immediately above Baltal, the limestones, with a north-easterly dip, are 
succeeded by the slates of the Zoji-la, with the same dip: these slates soon 
become nearly vertical; they are often columnar or bacillar in stinacture, and 
contain bands of limestone ; immediately north of the Zoji pass, we find a band 
of this intercalated limestone some fifty feet in thickness; this limestone is 
underlaid by slates, and again appears further down across an anticlinal flexure 
in the same slates. Alternations of slates, micaceous sandstones, and quartzites, 
with occasional bands of limestone, continue along the Drds road, till we get 
within half a mile of Mataian : these rocks in many places arc gi'eatly disturbed 
by contortion. 

Above Mataian we come upon blue limestones underlying the slates ; the 
former are again underlaid by white dolomitic limestones like those of Amrndth ; 
these limestones indeed bend round to the east of the Ofimbar (Qoomber) stream 
to meet those of the latter place. 

We have already seen that the triassio limestones and dolomites of Soxiamarg, 
according to my view, underlie the slates at Biltal and Mataian, in which respect 
the sequence here exactly agtfM i^itih that which I have shown in my last paper* 
to occur more to the eastward at Panjtami. Further, we have seen that a dis- 
tinct aniidba] flexure traverse# the limestone series at BAItal, which disjproves the 

* Sclsuilflc vmliM of Yarkatid Geology, p, 1#. 
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alleged superposition of the triaBsio limestones on the Zoji-la slates.^ Across the 
Zoji-la pass, however, owing to the great amount of contortion which the rooks 
have undergone, the sequence cannot he clearly traced, though I incline to think 
that the whole of the rocks between BAltal and Hataian are newer than the 
triassic limestone series. Beyond the Zoji pass, however, there occur on the 
road a few blocks of a gneissoid rock coming from the eastward, which may 
show that certain older rocks are thrown up by faults within the presumed triassic 
area. I have no positive proof, however, that such is the case, and I do not there- 
fore desire to lay any great stress one way or the other upon the presence of 
a few gneissoid rocks within this area. 

At Mataian there is a small fold in the white dolomitio limestones, and below 
this the same rocks continue with a southerly or south-westerly dip to the groat 
bend in the Giimbar river. At this bend the triassic series is faulted against 
another great rock series, which has a northerly dip ; for a short distance below 
this bend the river runs along a faulted anticlinal axis, while further down the 
dolomitic series is continued to the eastward a little to the south of the river : the 
dolomitio rocks have in this direction been traced a little to the eastward of Dr^s. 
The rocks® to the north of this fault have a general blackish color when seen from 
a short distance, which contrasts most strongly with the white colored dolomites 
to the south. Those slaty rocks to the north and east of Drds are abruptly cut off 
by a great mass of crystalline rocks. These crystalline rocks are mentioned by 
Dr. Stoliezka in his ** Geological Observations in Western Tibet” under the name 
of syenite, and are traced down the Suru river. In the latter area, according to 
Dr. Stoliezka, this rock contains large crystals of hornblende and diallage, with 
occasional nests of epidote and serpentine, together with grey quartz, and albite, 
and occasionally orthoclase. A rock of this composition is of course rightly 
named syenite : at Dras, however, the composition of the rock appears to have 
changed ; in hand specimens, which I collected, its constituents are quartz, brown 
uniaxial mica, and one or two kinds of felspar, and apparently no hornblende. 
The Dr&s rock, therefore, seems to be a true gi anito, and the same composition 
prevails in these rocks as we proceed to the east. 

A portion of the slaty rocks of Dr4s was considered by Dr. Stoliezka (sup. 
cit,, p. 349) to he of sUuriaii age, while another portion was considered to be of 

^ There appears to be aome confusion in Dr, Stollcska's account of this aection. At page 849 
of bis "Geological Observations in Western TibeV’ he observes, "these rooks (Zoji-la slates) 
are oeeWetd— neglecting interruptions --by limestones and carbonaceons slates/’ making no men* 
tion of the anticlinal in the limestones. At page 12 of Urn Geology of the Yarkand Mission, 
be obeervea that the limestones near Sonamnrg have * a nortbe^rly dip on the right bank of the 
vaHey,’ and immediately afterwards he says, that some four miles to the east on the same strike 
these limestonee which dip towards the slates are vndtrlaid by the tlates^ which is, so far, contra* 
dictory. In my last paper on Kashmir geol ogy (p. 45), 1 assumed tmi Dr. St<dioska’a duet eaeount 
that there must be inversion. Kow tlmt I have visited the i|)K4 however, it appears to be a 
regular sequence, thdugb somewhat contorted, but a sequence which agrees estaotly with the less 
disturbed one at 

« Mem. Geol, Surv, India, VoL V, p. 
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carboniferous age; no fossils were, however, discovered. Wo shall subsequently 
see that these Dr&s slates are the equivalents of the Plr Fanj^l rocks of Kashmir, 
and therefore appear to be the equivalents mainly of the Silurians, though there is 
no reason why some of their higher beds should not be carboniferous. The same 
rocks may be traced in a south-easterly direction to Kurtse, where they overlie 
the gneiss of Sum. 

Near the town of Dras itself the slate series has generally a very massivo 
character, showing at a short distance but very indistinct signs of stratification ; 
the rocks consist mainly of brown or purple sandstones, and black, brown, green, 
and brick-red slates and shales. To the westward of Dr4s, the same rock-series 
is continued up the Muski stream, with a generally northerly dip ; a little to the 
south of the same stream, we may trace the bold line of cliffs of the triassic 
dolomites, which have a generally westerly trend, and the same southerly dip 
which we observed at Dras. Westward of Dras many of the rocks in the slate 
series consist of light colored ribband-jasper, and there are also numerous beds 
of conglomerate intercalated with the Slates. The pebbles in this conglomerate 
are sometimes water-worn and sometimes angular, and do not generally exceed 
four inches in their longest diameter ; they consist of quariaites, grits, and slates, 
some of the two latter of which are very similar in character to the main rock. 
The occurrence of pebbles in these rocks similar to the matrix, may perhaps be 
explained in the manner in which Sir Charles Lyell explains a similar feature 
in the Stonesfield slate of England 5 ^ he there suggests that the pebbles in the 
conglomerate, which resemble the main rock, may be portions of the same deposit 
which have been broken up in shallows and re-dejiosited. The rocks may, 
however, have been altered before the formation of this conglomerate. 

About twelve miles above DrAs on the Muski river, a few thin bands of 
limestone occur in the slate series ; nearer the pass, at the head of the river, black 
slates and conglomerates are the prevalent rocks. 

As we approach the pass separating the Dras and Kishenganga valleys, blue 
limestones ^gin gradually to appear at the top of the slate series (which has 
a southerly dip), till finally at the pass itself these blue limestones form the 
greater portion of the higher part of the series ; still further to the south these 
blue limestones are overlaid conformably by the buff dolomitic limestones con- 
tinuous with those south of DrAs, in which Dr. Stoliezka found triassic fossils. 

We therefore find that at the head of the Muski stream a vexy different 
condition obtains to what we found at DrAs ; at the latter place we found a fault 
separating the DrAs slates from the triassic dolomites, while in the former, place 
the two series are connected by an intervening series of Hue limestones, the 
whole being apparently conformable. The inference from this is that the 
fault which occurred at DrAs has here died ont^ that the intermediate 

Hue Hmettones belong approuAiit^iely to the carboniferous series, and tUriOg, 
that the DrAs slates belong appm^afely to the silurian series. The carboni- 

]{>•»..<• xA 1, Stft. 
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ferous limestone I estimate here at 8,000 feet in thidkness, and the triassic as 
from 4,000 to 6,000 feet, 

Down the Tilail valley, nearly to the Burzil (Boorzil) river, the blue carboni- 
ferous limestone continues a little to the south of the Kishenganga, overlying the 
slates, and itself overlaid by the dolomitic limestones of the trias ; these latter, 
more especially in the pass between Drds and Tilail, from their uniform and homo- 
geneous character, weather into ginud tower-like cliffs and crags, showing very 
little signs of stratification. The banded carboniferous limestones, on the otlier 
hand, which generally contain intercalated beds of slate, weather into bonds 
parallel to the stratification. 

On the right bank of the Kishenganga river in Tilail, there is an anticlinal axis 
a little north of the limestone series, and again, beyond this, a synclinal axis ; in 
this synclinal axis there occurs a broken line of presumably carboniferous liine- 
stonc. To the uortli of this sjmclinal I liave traced the slate series, which has a 
generally southerly dip, to tlie summit of the Tilail watershed ; black slates here 
form the higher portions of the senes, while sandstones and grits are more common 
lowei’ down. Lower down the Kishenganga valley, during a shooting tour made in 
1874, I also traced the same slati^ series to the watershed of the Kelah Shai and 
Salani streams; it is therefore apparent that this Silurian slate series extends to 
the northern watershed of the Maski and Kishenganga valleys, from Dr4s to the 
Burzil river. I may mention that in the fine-gi*ained black slates which occur 
high up in the Kelah Shai valley, I found in 1874 obscure organic impressions 
which I thought might possibly belong to 0 raptohte^, I have unfortunately 
since lost these specimens, so that I cannot confirm this opinion. 

Betuming to the middle of the Tilail valley, near the village of Bodagrdm, we 
find that green amygdaloids like those of the PirPanj41are of common occurrence 
in the slate series, from which I think we may safely conclude that the Dr4s and 
Patijal series are of the same age. This coincides with the inference drawn as 
to the age of the Drds slates from their relations to the triassic dolomites. 

We have now to take an oblique cross-section through the great limestone 
series, from the village of Bodagrdm in Tilail to Sonamarg in the Sind valley* 
In oi^ossing the ridge on the left bank of the Kishenganga, separating that river 
from the Lahani stream, we first pass over a continuously ascending series of light 
blue carbonifei'ous limestones with a southerly dip ; as we descend on the opposite 
side of the ridge into the Lahani valley, we find these blue limestones succeeded 
conformably by bands of white dolomitic limestones, pure blue limestones, green 
slateS) and a peotiliar white slaty limestone. On the Lahani stream there occurs 
a thick band of brownish slates ; these and other slates intermingled v^iih a few 
bands of limestone, with the same southerly dip, eniend halfway up the ridge 
separating the Lhhani from the Gsdasir stream ; hers We find the slates overlaid 
by white, bujf, and blue dolomite and limestones. Orossing the ridge into the 
Qadasir valley, we come upon a synclinal axis, and as we descend we cross (he 
same beds in a reversed diiectlon. ®he lowest of these northerly dipping beds, 
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however, exposed in the Gadasir streeipi are the dolomites and limestones, and 
not the underlying slates seen in the Lahani stream. 

It will, 1 think, be evident from this section that the last-mentioned dolomites 
and limestones must be the representatives of the pure white triassic dolomites 
which occur further to the east ; it is, however, not quite clear whether the brown 
slates in the Lahani valley belong to the carboniferous or to the tnassic series ; 
as, however, dolomitic limestones and a whitish calcareous slate occur below these 
brown slates, and as the thickness of the carboniferous limestones, north of the 
Lahani stream, is about equal to that which occurs mol's to the eastward, I have 
thought it probable that the slates near the Lahani stream and the overlying 
dolomites and limestones all belong to the triassic series, and I have accordingly 
so colored them in the map. The slates u Inch occur in the middle of the lime- 
stones not improbably indicate that we ha\o here a littoral deposit in a subsiding 
area, and that as subsidence went on more lapidly, hmestones uero again thrown 
down over the slates. 

As the triassic series has not in this place the homogeneous structure which 
is so characteristic of it, further to the eastwazd, the general appearance of the 
rocks is veiy different ; they do not weather out into the craggy peaks like those 
of AmmAth and Dras, but into parallel hollows and ridges, accordingly as the 
harder or softer beds are more prevalent : in this respect resembling the triassic 
series at Sonamarg, as described in my last paper. 

Reverting now to our section, we find on the left bank of the Gadasir stream, 
tall clifEs composed of the am^gdaloidal rocks of the Pfr PanjAl series, which 1 
have traced to the south-east into similar rocks forming Shalian ndge, which 
were described in my last paper ; to the north-west these rocks continue on 
towards Gurais, where I shall have again to refer to them. The boundary 
between the triassic and silurian rocks continues up the Gadasir stream, and by 
the two small lakes called Kishan-Sar at the head of the Raman stream, and 
thence again down the Kichinai stream, till it reaches Thajwaz, where it was 
described in my last paper. White dolomitic limestones are most prevalent at 
Kishan-Sar, but towards ThAjwaz blue limestones with slates are more prevalent; 
corals and crinoids are extremely abundant in the dolomitic limestones near the 
head of the Gadasir stream, the rocks at this place having evidently once formed 
part of an old coral reef. 

For some way down the Gadasir stream, the junction between the slate and 
limestone series is a faulted one $ this is rendered evident by the fact that the 
higher dolomitio limestones in*ihe Gadasir valley rest against the nearly vertical 
Silurians, while at Thdjwas the limestones in which Dr. Stolioska found a 
triassic Ammonite dip towards the oldar siluriana Lower down the Gadasir 
Stream, however, as we shall Stie at Gurais, the fault dies out, and there is an 
aj^paventiy uninterrupted stwMksion ^m the pr^umahly silurisn slates to the 
triassic dolomites. 

As aocessmy evidence in to the Gadasi^Kichinai fault, it may he 

oheerved iM ehmg the whole ttf Wis junction, a line of springs of extremely pure 
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water barsts forth. These springs, whichn hare a temperature of about 50^ F., 
in great part supply the two small lakes called Kishan*‘Sar above referred to« 
These lakes are situated at an elevation of a little short of 13,000 feet above the 
sea ; and my guide from Tilail told me that they never freeze, even in winter, 
which is owing to their being supplied by these springs whose temperature I 
presume to be nearly constant. 1 at the same time paid a visit to another small 
lake called GurasaivNdg, within the silurian area, and consequently ofE the line 
of springs ; in this lake, which is situated at about the same elevation as the 
others, I found, at the latter part of August, huge masses of snow floating about 
in the water, and the temperature of the water at freezing point, while the tem- 
perature of the water of Kibhan-Sar I estimated at over 40® F., though glaciers 
drain into it. 

Prom these facts there can be little doubt but that the above referred to line 
of springs is of very deep-seated origin, which is strongly in favor of their being 
forced up from the depths of a fault between the limestone and slate series. 

I may mention in passing that the mountain lakes referred to above are 
situated in hollows, the mouths of which are dammed by the moraines of old 
glaciers, of the former existence of which there are here abundant evidences. 

Returning once more to our section, it firstly remains to mention that the 
band of carboniferous cherty limestone, described in my former paper as occur- 
ring at the top of the slate series at Gaggangan (Gungungan) in the Sind valley, 
and thence continued to the north-west, dies out across the watershed of the Sind 
valley, and the amygdaloidal Silurians of the Shalian ridge consequently come 
into immediate contact with the slates of the Sind valley, though I am unable to 
say whether or no the fault is continued. 

It now remains to consider the limestone series near Gurais, but before 
doing so it will be simpler to cany a section from the valley of Kashmir to the 
latter place, in order that we may the more thoroughly understand the sequence. 
Starting from Kralpflr (Kralpoora) on the Gurais and Astor road, we find near 
that village, that the rocks consist chiefly of amygdaloids and slates, an anticlinal 
axis running through them close to the village. Between Kralpdr and the halting 
jglaoe of Tr&gbal, the rocks have a general fiat northerly dip ; the amygdaloidal 
rocks become relatively fewer as we ascend, and are replaced by green and black 
or brown slates and sandstones ; above Tragbal toe rocks consist almost entirely 
of black slates which preserve the same north-easterly dip till we approach a 
synclinal axis, near the pass, which is again shortly followed by an anticlinal 
axis. Descending from the pass towards Kanzalwan, after a few miles we come 
upon a band of micaceous and gneissoid rocks, with a northerly dip, apparently 
overlying the black slates. It is, however, quite possible that a fault may occur at 
the base of these gneissoid rocks, and they may consequently be at the b^ of the 
elates. There I think, froi* its mineral charaote:i*, little doubt but that this 
gneiss is the same m that of the Pir Fanj&l, which 1 have csonsidered in my (omer 
papers to be at the base of the slates* Irrespective of any other considerations, 
it would be extremely improbable that a band of gneiba h localities so taaf apart 
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as this aiid the Pir Panjal, always oo^iured in the xoiddle of the slates, whereas 
it would be extremely probable that it should occur always at their base. 

Beyond this gneiss, still descending the stream, we find black slates con-* 
formably overlying the oiystalkne band, while towards Kanzalwan a few of 
the Pfr Pauj&l amygdaloids occur intermingled with the slates, showing that 
we are still in the silunan series. Leaving Kanzalwan, the rooks along the 
Kishcnganga river consist of the peculiar bluish-green slaty sandstones which 
were noticed in my last paper as occurring below the carboniferous limestones 
at Chandanwari, in the Lidar valley. As we approach Gorais, these rocks are 
overlaid bj blue limestones with the same north-easterly dip ; the blue limestones 
are followed by blue and 'ahito limestones in bands, the whole being capped by 
white doLomitt^s like those of Amrnatli. In 1874, during the shooting- tnp pre- 
viously mentioned, 1 found at the base of these limestones a larger species of 
genus chai*actenstio of the upper devonian. 

Prom the conformable position of this limestone series on the top of the slates, 
and from the occunenee of the above-mentioned fossil, it seems probable that 
we have here a regular ascending rock series, from the silunan to the trias 
inclusive ; I cannot, however, put in any distinct devonian group, or draw any 
arbitrary boundary between the carboniferous and the trias. I have accordingly 
merely coloured in the former rocks as forming a band corresponding to their 
average width in other locahties, which I have made to die out towards the 
south-east, where, as wc have seen, there is a faulted junction between the slate 
and the limestone series, and whore the carbomierous or lower limestones are 
probably wanting. 

Near Gurais bands of a conglomerate occur in the slate series similar to the 
conglomerate of the Pir Panjdl range; this conglomerate contains pebbles of 
granite or s} enite, similar to that of Uras, which rock must, consequently, be 
older than the slates, and must have existed in its present condition at the time of 
the deposition of the latter. Pebbles of the same crystalline rocks occur in the 
bed of the Biirzil river, which seems to indicate that these rocks are continued 
to the north of the Tilail watershed into the higher valley of the Blirzil. It 
also seems probable, that these same granitoid rocks have a great extension to 
the east, forming the rocks on the right bank of the upper Indus at where 
they are variously referred to by Dr, Stoliezka as ‘‘granitic and syenitio rocks’* * 
and “syenitio gneiss”**. In the latter districts, they were considered hy 
Dr, Stoliezka es foiming, in all probability, part of the Silurian series $ there 
being apparently in the lA district no break between these rocks and overlying 
shales supposed to be of carboniferous age. 

There is, however, quite a possibility of there being a hidden Unconformity in 
the lA district, which would oowspond to the unconformity at DrAs>^shown by 
the crystajline pebbles in the slsttes, and I would suggest that it may possibly turn 

> Qsotogimt OtMwtvstiens m Westsm p* W* 
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out that some of these Draa and Ld crystalhnos are the reprosentativos of somo 
qf the cxystallixLes in Sum and Lahll, where there is a probability of rocks of two 
ages being intermingled. ^ 

The nnnsnally wide area over which the Pir Fanj&l conglomerate (if that 
of Pangi be the same) extends in the slate senes, is a very remarkable circum- 
stance, and must clearly be due to some very wide-spread cause. In the Pangi 
district I have elsewhere stated that it seemed to me to bo extremely probable 
that ice action has been connected with its production, and considering its wide 
distribution in Kashmir, I am beginning to think whether wo must not have 
recourse to some similar transporting power there, though I have at present no 
positive proofs to bring forward. The occurrence of gneiss (or syenite P) pebbles 
in the conglomerate of the Pir Panjdl, which, we have seen, cannot belong to the 
gneiss of that district, may be considered as tending towards the hypothesis of ice- 
transport. 

It now remains to say a few words regarding the area between the Sind 
valley and the Trdgbal and Qurais road. It will be found from my last paper 
that with the exception of the gneiss in tlie Sind valley, all the rocks in tho 
valley of that river below Gaggangan belong to the silurian series , tho same 
rocks, with the exception of a few others of carboniferous limestone, bound this 
area to the southward along tho vale of Kashmir ; similar rocks bound this area 
to the north-west on the Qurais road, with tho exception of tho band of gneiss 
noticed above ; on the north-east the same rocks underlie the limestone series of 
Tilail. It is therefore evident that the area in question is occupied by rocks of 
the Panjil series, wbicb strike right across it, but that the centre of this area 
is penetrated by a mass of gneiss running in from tbo north-west, which, however, 
does not reach into tbo Sind valley. On a former occasion I have found this 
gneiss occurring high up in tho valley to the east of Kralplir, and on the northern 
of Haramtik (Haramook). It seems therefore evident that this band of 
gneiss dies ont somewhere on the north-western side of Haramtik, and that tho 
rest of the area consists of the rooks of the Pir Panjal. Tho area has accordingly 
been colored in on tho map, though tho boundaries of tlie gneiss must be only 
regarded as an approximation to the truth. 

A general glance at the map of tho north-eastern side of Kashmir, will, 
on the whole, show ns that the geological features of the country are veiy similar 
to those of the Pir Panjdl and valley of Kashmir, as treated of in my last paper. 
We there fonnd that the centre of the Panjdl range seemed to be an anticlinal 
flanked on the outer side by limestones considered to be of oarboniforous 
age, and followed on the inner side by the synclinal axis of the vale of Kashmir 
oonieining undoubtedly carboniferous rocks. 

Similarly^ on the Qurais road, we And an antioUua] axis showing gneiss* 
followed by the eyncUnal of the Qurais valley, containing carhonlferous and 
triassio strata again underlaid by siluriazUi to the north-east 
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To the south-east of Haramiik, this northern anticlinal is not fio well marked, 
as no gneiss is shown in the section ; while still further to the south-east, as at 
Palg^m in the Lidar valley, the anticlinal has quite died out^ and is replaced by 
a local synclinal, in which there rests an outlier of carboniferous strata. 

The synclinal in the Silurians at Qurais, containing carboniferous and 
triassic strata, is a well marked feature, extending from the former place to 
Panjtami and Drds towards the south-east. In many places, however, it 
will be observed that the original relations of this synclinal have been disturbed 
by faulting, but not to such an extent as to obscure the general features of the 
system. To the north of this great synclinal ellipse, we have another 'slight 
synclinal containing carboniferous strata in the midst of silurian rocks. 

It will have been observed in the course of the preceding sections, that 
the slates of the Zoji-la, l3ring in a synclinal ellipse of the triassic limestones, ore 
not represented in the section taken j^om Tilail to Sonamarg; the synclinal being 
contracted at this point It is therefore apparent that these slates must die out 
gradually between the Zoji-la and that point; this has accordingly been so 
represented in the map, though the north-western termination of these Zoji-la 
slates is only approximately ropinsented. 

In concluding this sketch, I wish to add a few words regarding the probable 
age of the strata overlying the silurian series, in the Tilail and Drds districts, and 
their relations to the groat limestone series of the valley of Kashmir. I would 
premise that fossils arc of extremely rare occurrence in this series, and that 
therefore no precise distinctions as to the age of the different beds can be drawn, 
but only the general homotaxis of the series can be roughly indicated. I have 
already observed in my last paper, that in the fossiliferous strata of the more 
eastern Himalaya, the late Dr. Stoliezka found that no distinct devonian 
or permian periods could be determined from the fossil evidence, but that 
strata containing a fauna with a distinct silurian faciee were immediately fol- 
lowed by other strata containing a fauna with a carboniferous /aaes, and the 
latter again by a triassic fauna. The absence of a distinct devonian and 
permian period cannot here be explained, on the supposition that during these 
periods the area was dry land, since (unless there be concealed breaks of which 
we have no knowledge) there seems to be an uninterrupted succession of strata ; 
and we are therefore driven to conelade that the strata classed by Dr. Stoliezka as 
silurian, cai^boniferous, and triassic, must be the representatives of the whole of 
the European series from the silurian to the triassic inclusive ; and that the some 
probably holds good in the Ksshmir area. 

On these grounds it would not appear surprising, if we were to find a oomi* 
mingling of the fossils of all these different periods, to a certain limited extent ; 
and sfich appem to be certain])^ lanneiimes the case in India, sinoe Dr. W$na^n^ 
has desoril^d the occurrence of Ammonites associated with OoniatiteB in the 
oatbonilerous strata of the BeH fltahge, clearly showing a blending of the oarbo* 
nilsninNi imiwi> i ibiiiiMi. 
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A 

Betaming now to onr Eaabmfr limestones, we find that in the yalley of 
Eaelunir at Eishmakdm and near the Marbal pass, as well as in a few other 
places, distinctly carboniferous fossils hare been fotind, generally low down in 
the series ; a few similar fossils have also been found at the base of the limestone 
series of the north of Kashmir, near Shisha-Ndg, which seems to correlate the 
bases of the two local series. Further to the westward at Tbajwaz, a triassio 
Ammonite was found by Dr. Stoliezka somewhat low down in the limestone 
series, but how low down I am unable to say, because the junction between the 
limestone and slate series is here a faulted one. A little higher up in the same 
series I have myself found corals and crinoids. 

At the top of the Gadasir stream, I found what seems certainly to bo a 
Ohaetetes in considerable quantity ; and at Sonamarg I found one large mass of 
a OyatJiophylltiin or some closely allied genus. Now, the genus Chcetetes has been 
hitherto known in the Himalaya from the Muth series^ only, which is sup- 
posed to be the representative of the European Silurian, while we now have 
it on a line of beds which have yielded a triassic Ammonite. In Europe the 
genus attained its maximum in the carboniferous rocks, but also ranged both 
above and below that formation. 

Oyathophyllum also, according to Dr Stoliezka, has hitherto been found only 
in the Muth series in the Himalaya; in Europe this genus ranges from the 
Silurian to the trios. 

As far as these two genera go, therefore, it seems that no evidence of the age 
of the rooks in which they occur can be obtained The discovery of these 
in the triassio series of India shows that they had a wide range in time here 
as in Europe. 

Again, near Dr&s, in the dolomitic series, which corresponds to some parts 
of the limestone series at Th&jwaz, very characteristic upper triassic fossils were 
found by Dr. Stoliezka.* 

Turning now to the same great limestone series at Gnrais, we find that here 
we have an apparently continuous series from the Fanjdl slates through the 
limestones ; and that quite at the base of these limestones a species of the genus 
Olyinenia was found which is characteristic of the upper devonian of Europe. 

Taking, therefore, the whole of this evidence, it is quite clear that the base of 
the limestone series of Kashmir is of carboniferous, and from the evidence of 
the Olymenia perhaps partly of upper devonian age. The higher dolomitic beds, 
on the other hand, are clearly of upper triassic age. The only question is 
where to draw the boundaiy between the two periods. 

Now, at Thijwaz, where the Ammonite was found, and where the junction is 
faulted, the strata have been eolored in the map as of triaaaio age ; it must, how^ 
ever, be sMd that an anticlinal occurs here, and that no very distinct lithological 
empariaons are hem possible. Moreover, u the whole series is here in se<|uenoe^ 

I atol. : a«o1. ssrv. Ind$% Vol. V, part iU, p. 148. 

* Hew. GeoL Sarv. Iiidla, Tot. V, p. . 
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and as we have already seen ihat Ammonites have been found elsewhere in India 
in strata containing carboniferous fossilsi it is not improbable, nay rather it is 
very probable, that there may here be a mingling of fossils of different periods ; 
and that oonsoquently no hard-and-fast boundaries can be drawn corresponding to 
the limits of European formations ; though at the same time it should be observed 
that it may hereafter be quite possible to distinguish independent Indian life- 
zones in those strata, should abundant fossils ever be discovered in them. 

In the map wherever there is a regular sequence of strata from the Panjdl 
slates to the upper triassic dolomites of Dr&s and Ammaih, the limestones under- 
lying the latter have been classed as carboniforous. Along the faulted line of 
TliAjwaz the whole series has been referred to the trios from the evidence of the 
Ammonite, which, as above said, may bo doubtful ; and there may therefore bo a 
few carboniferous beds at the base of the anticlinal, while at the same time some 
of the higher slates may bo of carboniferous ago. 

We may also observe that since the limestones of the valley of Kashmir itself, 
which contain numerous carboniforous fossils at their base, are in many places 
thick(‘r Ilian the carboniferous band in the limestone series of the north of 
Kashmir, it is more than probable that some portions of the former are tho ropro- 
scntati VOS of the triassic series. At Manasbal^ this has already been proved to 
be the case, from the identity in mineral character of tho white dolomites at the 
top of the series in that place with the similar rocks of Drds and Amrnath. In 
tho Bouih-eastem extremity of tho valley of Kashmir, the whole of the limestone 
series has tho same minoralogical composition throughout, and the higher beds 
have hitherto yielded no fossils. Wo have therefore no direct evidence to 
connect the upper beds there with the trias of Dras, and they must therefore 
romaiu on the map as of carboniferous ago, until evidence can be produced to the 
oontraiy. 

Finally, wo must come to tho conclusion that the Kashmir limestone series 
forms an unbroken sequence of strata^ which must be tho equivalents of all the 
European strata from tho upper devonian to the upper hiassic inclusive ; but as, 
with one exception, no devonian or permian fossils have been discovered, the 
strata have been colored on the map as carboniferous and triassic only. 

Fi*om the distribution of the limestone scries in Kashmir, it seems pretty 
evident that those strata were once connected and extended over the whole area, 
and have been brought into their present form by disturbance and denudation* 

The strata overlying the triassic dolomites of the ZojiJa beiog sandy and 
dayey in composition, were probably deposited in a sballower sea than that in 
which the older limestones were laid down; and since no newer strata are known 
in this am, it is possible that the bottom of the sea was being npheaved at the 
iime of the deposition of these riateti and that tho area has not subseqnently been 
submerged. < ^ # 

^ iW (m swrv. itodift. Voi. XI, p, 0. 
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Tho local oocorrenoe of clayey and sandy rooks in tibe limestone series on the 
horizon of pnro limestones may also suggest that the sea in which these lime- 
stones were laid down was in places shallow, and near to land ; the presence of 
coral reefs also attests either the presence of land, of a shallow sea, or of a sea 
filled with atolls. Whero the ancient land surfaces were, we have at present no 
mean of indicating. 

III. — Tracks of old glaciers ik KashmIq. 

As there has been considerable discussion carried on in the Records” of late 
concerning the supposed glaciation of parts of the Upper Punjab, I havo thought 
it would not be out of place to state here any facts which I have observed os to 
evidences of former glaciation in Kashmir and the neighbouring mountains. 

I will first observe that I havo nowhere observed any traces of glaciation in 
the valley of Kashmir itself. I have already observed in my last paper, ^ that 1 
cannot agree with Professor Leith Adams^ in considering the Bdramdla gravels as 
affording any evidence of former glaciation ; and I know of no other deposits in the 
valley which could possibly be considered to be due to the same agency. Neitlior 
have I seen any traces of erratics, perched blocks, roches •nto'idonniea^ or scratched 
rock-surfaces within the limits of the valley. I may add that I think it almost 
certain that the Bdramfila gravels are much older than the old glacial moraines 
of other parts of Kashmir, which are always entirely undisturbed by tilting* 

The lowest elevation in Kashmir at which I have observed glacial phenomena 
is in the Sind valley near the village of Kfilan, (marked in the map issued with 
my last paper), at an elevation of about 7,000 feet; here I have seen very 
distinct glacial striation. Mr. Drew,^ moreover, mentions the occurrence of a 
well grooved roche near the same place at an elevation of about 

6,500 feet above the sea level, or 1,500 feet above tho level of Srinagar. This is 
the lowest spot in Kashmir, where there seems to be undoubted evidence of 
former glacier action. 

Above this elevation traces of old glaciers are extremely numerous in the 
Kashmir Himalaya ; and I will here only notice one or two well marked instances. 

At Otilmaig, on the Pir Panj&l, many of the hillocks of detrital matter 
stretching out into the valley seem undoubtedly from their shape to have formed 
part of an old glacier moraine, though I have not sueoeaded in obtaining any 
grooved rocks ; the elevation of this place is somewhat short of 8,000 feet. 

At Sonamarg and Th&jwaa, in the upper Sind valley, there is an undulating 
plateau, at an elevation of about 9,000 feet, which is composed entirely of detrital 
matter, to a depth in places of at least 300 feet. This plateau has been admirably 
deserfbed at page 220 of Hr. Drew^s above-quoted work en Kashmir, and ia Ibeiv 
clearly shown to have once formed an old glacier mondne. 1 have fanind glacial 

^ Wsaderiogi of a Natandist in p. 171. 

* JitlrittmAn imS fTMUkluArffr ViwMfintriM. n. SflO. 



80 


Records of tie Geological Surveg of India. 


[voL, XIV 


scratcHes on some of the angular blocks of this moraine. The blocks in this 
moraine consist almost entirely of the amygdaloidal rooks of the Shalian ridge> 
while the moraine itself rests in a hollow of the Sonamarg limestone. At an 
elevation of about 2,000 feet above the Sonamarg plateau three small glaciers still 
nestle in sheltered ravines on the northern aspect of the Shalian ridge. Hr. Drew 
thinks it probable that the whole of the Sind valley nearly as far down as 
Kangan was formerly occupied by a glacier— a conclusion with which I agree 
The hill of limoatone separating the village of Sonamarg from the valley of the 
larger Th&jwaz glacier, represented at page 219 of Mr. Drew’s book, is at its 
lowest point some 500 feet above the level of the Sonamarg moraine, and has a 
peculiarly rounded appearance, which suggests the probability of this hill having 
been once buried beneath tlie ice of the old glacier. 

On the Laddk side of the Zoji pass, we find at Drds, which has an elevation 
of some 10,000 feet, two huge embankments of detrital matter, some four or five 
miles in length, extending from the crystalline ndges of the north into the Dras 
valley, and consisting almost entirely of boulders of the crystalline rocks strewing 
the surface of the slate rocks of Drds. From the form of these masses of detrital 
matter, I think that they are certainly due to former glacial action ; which opinion 
is strengthened by the great distance over which the boulders have travelled, 
and by the very slight fall of the ground on which they He, — a fall so slight that I 
cannot think these huge blocks could have possibly been moved along it by the 
action of water alone, especially as there is no great river along the line of their 
course. 

It now remains to consider certain granitoid blocks in the Jhelam valley 
below Bdramfila which Colonel Godwin- Austen^ suggests may have been brought 
into their prosont position by the aid of ico-action. In discussing the question of 
the glacial or non-glacial origin of the deposits in which those blocks occur, it 
will be necessary to go somewhat into the history of the Jhelam valley. 

On referring to the outline map accompanying my paper on the Geography 
of the Fir PanjZl, it will he seen tl^t there are two* masses of gneiss, one on 
either side of the valley, above and below B&mpiir, but which do not extend 
down into the stream itself. It is from these masses of gneiss that the boulders 
in the river bed have been derived; and it only remains to consider the means by 
which they have attained their present position. 

The first of these masses of gneiss occurs a little to the south of the town 
of iN'aushara ; this gneiss extends into the watershed of the mountain torrents, 
which descend into the Jhelam ralley, so that it is quite possible for blocks of it 
to be carried by water into the Jhelam. Immediate^ below Kaushara we come 
upon an allnvid deposit in the riter, which is chiefly oomposed of bboks of this 
gneihii whibh, as being lisrdet» remains after tbe date boulders from the 
adghtotcrhig oliflii hitn bean Dienisd to powder* 

At ltdmpdr tide alluirial formation contains gneisaic btoidte* tome of which 
are an pinch as feat in diaiiMHler f the whole formation is at bast one hundred 

‘ tVea flaoL IMdoc* IWi p. CSS. ' 




feet in thickness on the left bank of the river. The included blocks are all more 
or less rounded and water-worui while the matrix in which they are imbedded is 
here but little stratified. As we descend the river, the blocks of gneiss continue 
to decrease in size, till we come upon the sharp bend in the river below Edmpur ; 
here a fresh stream of gneiss blocks has come down a tributary stream from the 
second gneiss mass in the K&j-N&g range ; some of these blocks have a long 
diameter of upwards of 20 feet. 

Still continuing our survey down the river, we find the gneiss blocks again 
becoming smaller and smaller, and half-way to Uri the alluvial deposit is seen 
to be most distinctly stratified. All the gneiss boulders have their long axes in- 
clined up the stream and towards the river-bed at an angle of about 30 ; so that 
one of the flat sides of each boulder is opposed to the flow of the stream, as 
we find to be the case in any deposit of modem river pebbles. 

The summit of the alluvial formation is level, forming high-level plateaux 
on either side of the river. At Uri we find a similar plateau, some 200 feet in 
thickness, formed of the red Sirmur rooks of the neighbouring hills ; the pebbles 
in this deposit are rounded, and have the same relative position in regard to the 
stream as the gneiss blocks higher up. A few small gneiss blocks are found in the 
Uri deposit. 

Below Uri the same formation runs along either bank of the river with 
the same ** hanging level” often between 200 and 300 feet in thickness ; a few 
gneiss pebbles occur in this deposit ; the other boulders consist of the Sirmfir sand- 
stones, some of them of large size.' 

A few miles above Hatian we again find a great number of rounded boulders 
of porphyritic gneiss embedded in the alluvial formation, some of which have a 
long diameter of over 10 feet. It is probable that these blocks have come down 
across the Jhelam from the peaks of the Kaj-Nag immediately to the north, 
where the same gneiss doubtless occurs, though I do not know its correct position. 
Small blocks of this gneiss can be traced from Hatian as far as the bend of the 
river at Moza&r&bdd. 


It will be gathered from the above observations that the whole of the gneiss 
blocks in the Jhelam valley have followed the course of tributary mountain Streams, 
have not been carried across intervening ridges, and are imbedded in an aqueous 


formation. Further, there are not the shghtest traces of glacial acilon on any of 
the hard slate rooks in the Upper Jhelam valley, which oug^ to have existed, aa 
they do in other places, hsA glad^ extended into the Jhe^ valley* 

Ajgm; aUe to roU and carry blocks which 
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ice, at a time wlien we know that the glaciation of the Himalayas wae much 
greater than at present. 

My only point is, that 1 can see no evidence of glaciers having ever extended 
down to the level of the Jhelam ; and that the gneiss blocks could have perfectly 
well attained their present position by debacle action. 

It will be gathered from the above observations that the Jhelam is now a 
denuding and not a depositing river, as it was when those alluvial formations 
were laid down ; from which we may probably infer that great changes of level 
have taken place since the period of those deposits, which may have afforded 
greater facilities at certain times for the movements of the blocks. 

In conclusion, we may state that on the mountains of the north side of 
Kashmir we have distinct evidence of a former glaciation at an elevation of some 
6,500 feet above the sea-level, while on the south side we know of none below 
8,000 feet. In the vale of Kashmir itself, and in the lower Jhelam valley, we at 
present have no distinct evidences of glaciation. 

As far, therefore, as this negative evidence goes, it tends to disprove any 
former glaciation of the outer hills and Upper Punjab, because, if there had been 
any glaciation of the latter, there would most assuredly have been a far greater 
glaciation of the valley of Kashmir and the neighbouring hills, since even at 
equal elevations the present glaciation of the Himalaya increases as we pass 
towards its centrid axis. 


Corrections to Map. 

For “ Panjtaria,” read “ Panjtami.” 
For “ Sonamaro,” read “ Sonamarg.’* 

Index. 

For Kareewahs,” read “Karewahs.** 
For **Zogi-la^'' read ‘^Zoji-la.^^ 
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Further Notices of Siwauk Mammalia hy R Ltpekker, B A., Oeologiad 

Survey of India. 

[With a Plate ] 

Since my last notice of Siwalik Mammalia,^ another collection has been 
received from Mr. Theobald, and a few interesting teeth have been obtained 
through Mr. Blanford from Sind. Many of Mr. Theobald’s specimens have 
added considerably to our knowledge of the dentition and osteology of previou'bly 
known species. On the present occasion I shaD only very briefly notice the most 
interesting of the majority of the new specimens, reserving their fuller descrip- 
tion for a future occasion, when I shall have an opportunity of giving figures of 
them. One specimen, however — the jaw of a large monkey — is of so interesting 
a nature, that I have given a figure of it here, as it would otherwise have been long 
before I should have been enabled to do so. On the same plate I have likewise had 
drawn the molars of tho Macacus and the described in my last notice 

Among the rai*er specimens is the greater portion of one side of the lower 
jaw of Anthracotherlum jjnnjah tense, showing tho three true molars. 

PRIMATES. 

pAiiiEOPiTHUCUS sivALENSis, n gen. nobis. 

The most interesting specimen in tho whole of Mr. Theobald^s Siwalik col- 
lection is the fragmentary palate of a large anthropoid ape, represented in figures 
1 and 5 of the accompanying plate. This bpecimen is of the highest interesi, 
because, with the exception of a single canine tooth obtained years ago by l)r. 
Falconer from the Siwaliks, it is the only specimen which affords us any evidence 
of the former existence of anthropoid apes in India, or indeed, if wo except 
Dryojtithecus and the smaller genera, in the whole world. 

The specimen was obtained by Mr. Theobald from the Siwaliks of tho 
Punjab, somewhere near the village of Jabi, though I do not know tho precise 
locality ; it was originally in three fragments, but two of them have been united ; 
and as the fractures are quite recent, 1 presume that the specimen was broken up 
by tho natives in extracting it from its matrix. The portion that remains shows 
the greater part of the right maxilla, broken near the centre of the palate, and 
superiorly at the sygomatio root| the second fragment is a portion of the 
left maxilla j in the figure the two fragments have been placed in their relative 
position in the proportions of the palate of the living Orang. 

The fragment of the loft maxilla contains the complete penultimate, and the 
bases of the first and last molars. The right maxilla exhibits the entire dental 
series, from the outer incisor to the last molar ; the crown of the inoisor, of the 
penultimate preiholar, and the summit of the canine have been broken off; tiie 
penultimate has the eentre of its crown somewhat decayed. The pnpmo- 
lars ere two in number, which shown that the specimen beiootps to the Catarhine 
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Bection of tlie Primates ; all the teeth are well worn, which shows the animal to 
have been adult at the time of its death 

The molars and canine are arranged in a straight line« and there is a small 
diastema between the canine and the outer incisor ; each tooth of the molar series 
is inserted bj four fangs. In the true molars, the last is the smallest of the 
three ; each tooth carries four cusps on the masticating surface, which form an 
irregular quadrangle, arranged obliquely to the long axis of the tooth ; thus, in 
relation to a line drawn transversely across the palate, in front of any one molar, 
we find the antero-extemal cusp placed first, then the antero-intemal cusp, then 
the postero-extemal, and lastly, the postero-intemal ; an imperfect ridge connects 
the two internal cusps. The crowns of the molars are square or oblong, with 
their angles rounded off. The one remaining premolar carries two cusps on its 
masticating sui^ace : both this and the penultunate premolar ate remarkable for 
the shortness of their antero-postexior diameter in relation to the transverse. 
The canine is a short and blunt conical tooth, with the outer side of the crown 
rounded, and the inner side bevelled away obliquely from base to summit ; no 
portion of the tooth which remains has been at all affected by wear. The fang 
of the incisor is small and laterally compressed. 

The profile view of the specimen (fig. 1) shows the fangs of the molars 
and the root of the zygoma which arises above the interval between the first 
and second true molars ; in front of the zygoma there is a channelled hollowing 
of the jaw, in front of which the fang of the canine bends round in an arch. 

Prom the shortness and bluntness of the canine it is inferred that the jaw 
belonged to a female individual. 

With this description, we may proceed to compare the new jaw with the jaws 
of other Primates. First, we shall have no difficulty in saying that our specimen 
does not belong to either of the genera 8&aiiM>jpithecu8^ Maeacus, or OercojftUhecus 
and their allies, because in those genera the cusps on the molars are much 
higher and sharper, and are arranged in pairs directly transverse to the long axis 
of the tooth f in addition, the last molar in those genera is always as large, or 
larger, than the first, and the angles of the molars are square. 

In Oynoc^Jialus and its allies the teeth have much the same general charac- 
ters as in the last group, and the last molar is much larger than the first. 

As we have already seen, the Siwalik jaw cannot belong to the Platyrhine 
xnonkoys, and there only reinains, therefore, the group of the or the 

anthropoid apes and man to which it can belong. Now, in all the anthjpopoid 
apes and in inan the molars are exactly of the pattern of those of our speciinen, 
and there can bo no doubt but that the latter belongs to this group. The molars, 
boweveri of tlmBe apes and of man are so much alike> that it is, I believe, 
ftequently quite impossible to distinguish isnlated molairs, and we can only 
therefore arrive at sj>ocific generic diriSnetions by a competrlian ot the whole 
dental series* 

OottUMnoiag with t)M> ol the (uiiiu^poid 

that »tnicttuc of tA« ttehm of g«nii« ig smh tho tem m in the 
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Siwalik jaw : the promolars are, however, mucli squarer, the canino relatively 
longer and sharper, and grooved and concave internally ; fui-ther, the face in the 
Siamang is shoi^ter, the hollow in front of the zygoma less deeply channelled, and 
the canine more approximated to the zygoma, and its alveolus much less arched 
than in the Siwalik jaw. Finally, as a character of less importance, all the 
species of Hylobates are of much smaller dimensions than the animal to which 
the fossil jaw belonged. 

There now remain only the Orang, Chimpanzee, and Gorilla among the living 
anthropoid apes, with which to compare onr si)ecimen. For this comparison I 
have drawn up the following tables of the dimensions of the upper teeth in those 
animals, and in man and Hylobates^ which it may be well to study before pro- 
ceeding farther. 

Ikhle showing dimensions of upfer teeth in the higher Primates* 
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Tabu showwg relative lengths of first upper true molar and Imtpremolar in the higher 

JPrimates* 
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Siwalik jaw 

045 
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0*35 

0 30 

000 

Human 0 .. 

0*36 
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0*24 

001 

Troglodytes niger $ 

045 

032 

0*13 

030 

002 

Simla satyrus $ ... 

0 50 
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013 

0 83 

006 

Ditto $ 

048 

035 

0*07 

028 

007 

Hylobates syndactylus . . 

0*28 

0*25 

0*03 

0*18 

0*07 

Troglodytes gorilla . . ... 

0*56 

0*48 

0*07 

0*86 

012 


The first of these two tables exhibits merely the absolute dimensions of the 
different teeth ; while the second is intended to show the relative lengths of the 
first molar and the last premolar in the same group. In the fourth column of 
that table is given what would be the length of the last premolar, if that tooth 
bore the same relationship as regards length to the first true molar, which it does 
in the Siwalik jaw. From that table it will be seen that the new jaw is distin. 
guifihed from the jaws of all other Primates by the relative smallness of the 
antoro-posterior diameter of the last premolar ; this shortness is in excess of what 
occurs in man, in which the same premolar is relatively shorter than in all the 
other higher Primates ; next to man in this respect comes the chimpanzee* then 
the orang, and last of all the gorilla ; and it is worthy of notice that the two 
BpeoieB which (excepting man) exhibit the greatest variety in this respect are 
placed in the same genus. Professor Owen, at page 446 of his Odontography,” 
notices the small antero-posterior diameter of the premolars in the chimpanzee, 
as distinguishing it from the orang, and approximating it to man. The new 
Siwalik jaw, as we have seen, stands on the opposite side of man to the chimpanzee 
in this respect, and therefore shonid he still more removed from the o^mng. The 
new jaw agrees with that of the orang, gorilla, and ehhi>p0sme, in having the 
molar aeries approximately ateeightt, and with no indications pf the horsenshoe 
form which 000m in the hmm snhject ; it tberefort to a tme apa 

Turning onr attention oneeMein to the first of the two tables of measnre* 
ments, we note in what etW respeots the fbasil jaw resembles or differs 
from m jaws pf the orange the eUmpansee, the gorilla, 0 ^ men. 1th regard to 
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the relative length of the last molar, we find that the fossil agrees most closely 
with the chimpanzee and man, in both of which this tooth is much shorter than 
either of the other true molars. In the orang there is a very slight difference 
between the lengths of the first and the third true molars ; in the gorilla, on the 
other hand, the last molar is much larger than the first. This difference in the 
relative lengths of the first and last molars in the gorilla, and the Siwalik jaw, 
together with the difference which we have already seen to obtain between the 
last premolars of the same, renders it evident that there is no great affinity 
between these two, and makes it unnecessary to carry our comparisons any further 
in this direction. 

Comparing the dimensions of the molars of tlie fossil jaw with those of the 
female orang, we find that the true molars of the former are larger than those 
of the latter, and that the united length of the true molars is also greater. When, 
however, we take the whole molar series, wo find that the five teeth of the femah» 
orang have an absolutely greater united length than the same five teeth in the 
Siwalik jaw, this being of course due to the small size of the premolars in the 
latter. In the chimpanzee, the length of the united molar scries is less than in 
tho Siwalik jaw, but the united length of the two premolars is greater, while the 
length of the three true molars is less : the proportions in the human jaw arc in 
this respect nearest to tho fossil. 

Again, in tho width (transverse diameter) of the base of tho outer incisor, the 
fossil jaw is closer to man than to any of the large apes. In man there is no 
diastema between the canine and tho incisor; in the orang this diastema is 
larger than in the chimpanzee, which in this respect approaches man. In the 
fossil jaw this diastema is very slightly larger than in the orang. 

The dimensions of tho base of the canine are considerably stouter in tho 
fossil jaw than in either the fomale orang or the male chimpanzee, and approach 
those of tho male orang and gorilla ; though the shortness of the crown proves, 
as we said, that our specimen belongs to a female. In tho female orang there is 
a disk of wear on the posterior border of the canine, which does not occur in tho 
fossil specimen. 

The following summary exhibits tho points of resemblance and difference 
between the fossil jaw and the jaws of man, the .chimpanzee, and the orang, 
which are the only three species which are closely related to it ; — 

Mak. 

of premolm ; ntaall sUe of last uiolsr and of incisor, 
lias of teeth g lorge osniae and diastema^ 

CttXKTARzns. 

line of teeth t shortness of in n less degree g swfill else of 

lest tnokr; kiftt canine end diaetemiiM 
incisor. 
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OlUKS. 

JRtiembUmft*. — ^Straigtit huo of teeth ; laige canine and ^astema. 

Z/i^reerm.— SboitnesM ot picmolarai email aize of laat molar! diffmence in wear of canine, 
small lucisor. 

It thus seems to be apparent that the fossil jaw has most points of resem- 
blance with the chimpanzee, and that when it differs from that speoies it has an 
ultra-haman character. It now remains to consider to what fossil form the jaw 
presents any points of affinity, and we will first direct our attention to the Siwalik 
Primates. 

As regards size alone, the only one of the jaws of Siwalik Primates repre- 
sented in Plato XXTV of the first volume of the “ Palesontological Memoirs’* 
which could possibly have any affinity to our specimen, is that of Senmoprthcciis 
svbhtmalayanus (figs. 1 and 2) ; the teeth of that jaw, however, and of all the 
specimens on the same plate, are of the somnopithecine type, and have thci'efore 
no affinity to our fossil The same remark of course applies to the teetli of 
ifaeacus represented in figs. 3 and 4 of the plate accompanying this paper 

One other tooth of a quadrumanous animal from the Siwaliks is, however, 
described and figured by Falconer on page 304 of the first volume of the PalsB- 
ontological Memoirs this specimen consists of the crown of the upper canine of 
a large ape allied to the orang; the specimen evidently belonged to a male 
individual, and is somewhat larger than the canine of the male orang. Our 
fossil jaw, which, as we have already seen, belonged to a female, has teeth some- 
what larger than those of the female orang ; there is therefore every probability 
that Falconer’s canine and our new jaw belonged to the same species. 

Tumipg, now, to the fossil quadrumanous animals of Europe, the only three 
genera with which I am acquainted which are likely to have any affinity to our 
specimens are Meso^itkecusy PUopUhecu&y and Dryojpvtheom, 

Mesopitheeusy from the Pikermi beds,' is of small size, and is regarded as being 
intermediate between Hylohatea and Smmpithecua ; the teeth are, however, dis- 
tinctly of the semnopithecinetype, and consequently quite different from those of 
our fossil. 

PUopitheemy^ from the Miocene of France and Switzerland, is also of small 
size, and resembles Hylohatea so closely, that it is referred by Professor Butiikieyer 
to that genus. 

JOryopUhsomy^ from the Miocene of France, is an ape of larger size, which is, 
1 believe, oaily known from the JovWnr jaw and some iimb'bonea, and which from 
the ein»U eiae o£ tiie oanine and diaetema ia legaedad a» haviog an aSniiiy to 

lt«W!'«£Waiwnd WadAolAiritMr* 

' tni, ftt Owen, •‘IWtoillttdogf,*’ p. W. 
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man. The antero-posterior extent of tlie second premolar, according to Professor 
Owen, is, howev^, greater than in the chimpanzee, and therefore stil] greater 
than in the Siwalik fossil; the latter, however, agrees with JPjyopithecus in 
having narrow incisors. 

Reviewing the whole of the foregoing facts, it does not appear that our fossil 
jaw agrees precisely with the jaw of any known living or fossil anthropoid ape, 
though it seems to make the nearest approach to that of the chimpanzee, and 
also shows some points of affinity with the jaws of man, Dryopithccus, and the 
orangs. The resemblance between the Siwalik jaw and that of the chimpanzee 
does not, however, appear to me to be so close as to warrant our classing the two 
under the earns genus, because, with the very marked difference which occurs in 
the relative dimensions of the last premolars in the two jaws, there is every pro* 
liability that equally well marked differences existed between the crania of the 
two animals. It must, however, be again borne in mind that the chimpanzee 
and the gorilla, which present such difference in the form of this tooth, are classed 
in the same genus. 

Since I do not think that we are justified in referring the Siwalik jaw to any 
known genus, I propose to form for it the now generic name ‘ FaliBopitlmus^' 
with the specific affix of ^ swalemis.* 

I can only hope that on some future occasion we may be fortunate enough to 
come across the cranium of this most interesting relic of the past, when we shall 
he able with some approach to certainty to assign to it its exact affinities, which 
with our present meagre specimens we can only vaguely guess at. We can only 
say that thore lived in the Siwalik period of India, a huge anthropoid ape 
inter mediate in size between the orang and the gorilla, the males and females 
of which were provided with canines exceeding in size the other teeth, and that 
those of the former bore about the same proportion to those of the latter as we 
find prevailmg in the living anthropoid apes. Further, in the form of its teeth, 
this ape was nearest to the chimpanzee ; but in the points in which it differed 
from that species, it shows great resemblances to the teeth of man. 

I will conclude this notice with a few general considerations regarding the 
past and present distribution of the anthropoid apes. If this distribution in time 
and space be tabulated, as is done in the aocompauying note,^ it will, I think, be 
apparent that such living and fossil anthropoid apes as we are now acquainted with 
ar^^merely a few from a large number of species which once existed on the earth. 
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Fiirtlier, it seems hardly to admit of doubt that throe such closely allied genera as 
Troglodytes^ Falceopithe&us, and Simla must have had a common parentage and a 
common ancestral home. For three tropical or sub^tropical genera inhabiting 
respectively Western Africa, Northern India, and Sumatra and Borneo, the un- 
known common home may have possibly been situated in the Indian Ocean, being 
in fact the hypothetical sunken southern continent, whether it be called * Lemuria,’ 
‘ Indo- Oceania,’ or what not, to the former existence of which so many separate lines 
of evidence point. This vanished land was probably onco the common home of the 
African and Indian ostriches,^ which must have had a common centre of dis- 
persion. Here also we may possibly look for tlie old home of the Mania of Siwalik 
and modem India, and of modem Africa. 

If this hypothetical sunken southern continent^ was the centre of dispersion of 
the anthropoid Primates, it is not improbable^ nay rather it is almost certain, that 
numbers of species and genera must have lived and died, and finally become extinct, 
on that continent, and that only some of their descendants reached the borders of 
that continent — in other words, Africa, India, and Borneo. If this be so, it is 
probable that all records of some anthropoid Primates have long since, and for over, 
been entirely removed from human cognizance, while it is possible that among 
these may have been foims nearer to man than any of those of which wo have any 
records. On this supposition it is possible that wo may never discover the 
“missing links.” On the other hand, wo have in the troincal countries which 
border the Indian Seas the probable poripheiy of this sunken continent, and it 
is among the unexplored tertiaries of these countries that we may yot hope to 
find fossil forms of Primates^ which may tend to bridge the great gulf which 
now exists between the highest known ape and man. Of these counti*ies, tlie 
geology of Africa and Sumatra and Borneo is virtually unknown. In India only 
a few scattered localities have hitherto yielded mammalian remains, and remains 
of Primates are of extremely i»aro occurrence in them. Thus, in the much- 
worked Siwaliks we only know of two specimens of the remains of anthropoid 
apes, which have been discovci^d at an interval of many years apart, among 
thousands of specimens obtained. There is, therefore, no reason to assume that 
other forms of anthropoid apes did not exist in that period. In Central and 
Southern India, with the exception of the little known Porim beds, wo have no 
equivalents of the Siwaliks ; and there is here therefore abundant room for older 
Primates to have existed without our having the least knowledge of them. 

In the newer Norhudda groqp scarcely any small fossils have been eol- 
lectcd ; and yet there is an absolute certainty that many forms of Primates 

> Somtrmxd Asurroui, de la Ffunfle," Vel. 11, and 

ariiale in pteaent nnmbttr* 

9 Hr. WaU^e Tropical hfts come to tha donclueion tUi ** 

mdsted* or that It at all events tnnst hm disappeared before the ndocene. Thera appears to me, 
however, to be a great weight of e;dih|lle« tn ftvor of a ferntor Ignd connection between the 
continents of the old world, tbongh ttds connection very (Hsislbly have disappeared in com- 
petafively early Tertiary times. 
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must have existed at that time, manj of which were probably distinct from 
living species. 

Our knowledge, therefore, of the tertiary faunas of the Tropics and 
Sub- Tropics is really extremely slight; and until this slight knowledge has been 
amplified by the fullest explanation of every tertiary rook stratum in Africa, 
India, and Malaya, no one is entitled to assert that man and the anthropoid 
apes had no common ancestor, because no such ancestor has hitherto been 
discovered ; and even if such exploration were made without results, there remains 
the hypothetical sui^en southern continent, with the disappearance of which may 
also have disappeared the missing links.”^ 

Finally, one other lesson is to be learnt from the Siwalik ape. Wo know 
that the living anthropoid apes dwell only in the deepest gloom and solitude of 
primeval forests, whore vegetation grows luxuriously, and offers a constant supply 
of fruits throughout the year. From this we may probably infer that the 
Siwalik ape inhabited a similar forest-clad country, and that, consequently, the 
present Siwalik area of the Punjab was in parts at all events clothed with forests in 
which dwelt the FdlcBoyithecuSy instead of being, as now, a sun-scorched and some- 
what desolate region. Evidence of the former existence of these forests is, as I 
have previously remarked,^ afforded ns by the occurrence of numbers of fossil 
tree-stems in various parts of the Siwaliks. 

Macacus sitalensis, nolii. 

In figs. 2 and 4 of the accompanying plate are represented the two frag- 
mentaiy upper jaws of Macacua svvalensia^ which were described by me on page 66 
of the last volume of the ^^Becords,” and which, therefore, need no further 
notice on the present occasion. 

RODENTIA. 

Bhizouts sivalsnsis, nobia. 

The specimen drawn in fig. 3 of the same plate is a fragment of the left 
ramus of the mandible of the Shizomya descried by me at page 100 of the last 
volume of the Records,” and which I then considered to belong in all proba- 
bility to a new species. The first molar has been broken away in the specimen 
but the second and third molars are in excellent preservation; the greater 
part of the incisor is seen on the inferior border, 

PBOBOSOIDIA. 

DiKotstEBicic nrnioutf, Falo* 

Adetodwd firat loirar ttw molar of a X>iwithtiHkm liaa beea obtaisod 
tiboogb Mr. Blanfind ^m iSie XaIo fiilla of Sind, whioli it lavgtr tibaii and o{ 
dilifemnt aliapt frOta tho <K>ri!t 0 iK>nding toolib in ihe lowte jaw of 

' tMwuticla Ml ty, lalijiMt ia tlM> Qtttriart}' Jotmul of Soiottw IM Octobor ISfS. 
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penta^otamicB from Sind, noticed at page 75 of the last volniae of the Keoords 
and which agrees so exactly, as regards dimensions, with the base of the corre- 
sponding tooth in the lower jaw of D. indiemv from Perim Island represented in 
fig. 6 of plate 35 of the ** Fauna Antiqua Sivalensis,” that I have considered 
it to belong to that species. 

The tooth is considerably worn, and carries three equal sized transverse 
ridges, which show no sign of a median longitudinal division, which, with the 
bluntnoss of the ridges, shows that the tooth did not belong to a Trihplwdont 
Mastodon. The tooth is relatively narrow in proportion to its length, which 
shows that it belongs to the lower jaw, while the greater elevation of the inner 
side of the ridges shows that it belonged to the loft side. On the outer and 
posterior sides of the tooth there is a large thick cingulum. 

I have given below the dimensions of this tooth, together with those of the 
corresponding tooth of D. gigawteum in the large Eppelsheim cranium, and of the 
corresponding tooth in tlie above-mentioned jaw of D. peniapotamias : — 



Kew tooth. 
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The tooth is slightly larger than the corresponding molar of P. giganteum, 
in which it agrees with Falconer’s fragment, and is far too large to have belonged 
to P. jgmtoygotcmicB s it is further distinguished from the same tooth in both those 
species by the presence of the large cingulum. 

If now we turn to the description of the above-mentioned jaw of P. vndymn 
on page 407 pi the first volume of the Palasontological Memoirs, we shall 
find that the dimensions of the base of the crown of the first true molar are 
as follows — ^length 4, width 2’8 ; these dimensions agreeing very closely with those 
of our new tooth. The latter further agrees with a fragmentary tooth of P. 
indimm from Perim Island, described by Pr. Falconer at page 397 of the first 
volume of the ^‘Paleontological Memoirs,” in the great thickness of the enamel, 
which in both measures 0*25 inch $ in P. pmtwpotcmim and P. gigemtetm the 
enamel is much thinner. Alihongb, therefore, the perfect oorrespending tooth 
of P. iiMmn is unknown, 1 think on the above grounds I am justified in refeiv 
ing the new tooth to that specias^ This identifioation is of great importance 
in connecting the borison of th} Perm Island shd Bind rocks as I shall hare 
occasion to note more fully hdoir* 

A portion of onotbor large liimtk&rim 1m heod reoeired among 

a oolteo^n made by the late Pr* Temhere, which appeare to hare oome front 
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Dera Ghazi Khan, and wliioli seems undoubtedly to belong to tbe same species. 
The specimen consists of the last ridge of a third upper molar of the left side, 
but very little worn. Its dimensions are given bolow, together with those of the 
second upper molar of D. described at page 55 of the second fasciculus 

of the tenth series of the ** Palasontologia Indies^*’ and also with those of the 
same tooth of B. gigantmm 

2>. %nd\cum, D. gigwUeum, D. gtvstapotawM, 

Width of lafit ridge ... ... ... 3 7 3 4 2 3 

Thickness of base of ridge ... ... 18 16 1*1 

The new tooth differs from the figured specimen of D, jpentcupotamim in 
having no ledge on the hinder side of the last ridge, and in the ridge itself being 
somewhat less curved ; it agrees with the other teeth of B. indiGum in having 
very thick enamel, and being slightly larger than the corresponding tooth of 
D. gigantevm; there is a tubercle on the inner side of the transverse valley. 

New species of Dinotherium. 

In addition to Blnotlverium iridyyum and B. penta^otamiee, we have now evi« 
dence of a third species of Indian species of the gonus. The specimen from 
which this evidenoo is derived consists of a portion of the lower jaw, containing the 
two last molars, collected by Mr. Pedden in Sind. The jaw and tooth arc much 
smaller than those of B. pmtapotamim; the characteristic point of the jaw is, 
however, its cylindrical form, in which respect it differs from all other species of 
the gonus. 

Geitus mastodon. 

Of the genus Mastodon^ Mr. Theobald’s last collection contains a great 
number of specimens of the jaws and teeth, some of which are of great interest, 
and add considerably to our knowledge of these animals. A few of the most 
interesting specimens are noticed here cursorily, as it will be a long ti m e before 
I shall be able to desd^ibe them in detail. 

Mastopok panpionts, Falo. 

The first specimen in this collection which calls for especial notice is a portion 
of the mandible of a Maetoion^ which cannot be referred to any of the previously 
known Siwalik species. The specimen comprises a portion of the horizontal 
ramus with two molars, and the symphysis of the mandible ; the intermediate 
portion of the specimen was also discovered, but unfortunately crumbled to dust 
during its transit down country. The most noticeable portion of this jaw is the 
symphysis, of which the part now Temaining has a length of 22 inches ; this part 
is laterallly expressed, and on its uppet sur&oe is eaoateted by a leoige groove 
upwards of 5 inches in depA at its prorimsl extremit^r. 

The one complete tooth in this jaw oames four irsnsterse ridges and a hind 
telon $ its length is and its vddth 3*7 inches ; ihis tooth k the last true molar, 
and the jaw the^ore belongs to u Vrihphodm. The orcim of the penultimate 
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molar is unfortanatelj broken away, but from tbe small size of its base, I imagine 
that it could only have carried three ridges. The last molar has a very deep 
longitudinal valley, which divides each transverse ridge into a distinct outer and 
inner column ; large accessory columns are placed in the valleys, which are in 
consequence completely blocked. The disks of wear of the columns form 
irregular circles ; the tooth has some resemblance to some varieties of the molars 
of M, sivaUnsis, in which the alternate arrangement of the columns is less pro- 
nounced than usual ; the last molar of the latter has, however, five or six ridges. 
When complete, the distal extremity of the mandible must have been at least 30 
inches in advance of the last molar. 

There are no tusks in this specimen; among Mr. Theobald’s collection, 
however, there is the distal extremity of an elongated mandibular symphysis of a 
species of Mastodon, which carries portions of two very large tusks. This 
mandibular rostrum cannot belong to any of the described species of Siwalik 
Mastodon ; and as it agrees in form with the last specimen, I consider it probable 
that both belonged to the same species ; the tusked jaw being that of a male, and 
the tusklcss that of a female individual. The fragments of tusks remaining in 
the specimen are only some 10 inches in length; they are much compressed 
laterally, the transverse section being pear-shaped, having the thinner end up- 
wards. The inferior border of the fragments is convex, and the superior border 
concat'c ; the vertical diameter is 3'2 inches, and the transverse diameter at the 
thickest part 1*11 inches. 

Another specimen of the mandible of a trilophodont Mastodon broken off at 
the symphysis, carries two molars, which are respectively the penultimate and last. 
The second of these teeth agrees precisely with the corresponding tooth of the 
last specimen of the mandible, but being less worn, is more suitable for descrip- 
tion ; the identity of these teeth shows that the two mandibles belonged to the 
same species. The penultimate tooth in the second mandible carries three ridges 
and a hind talon, which proves that the first jaw belongs to a Tnlophodon. In 
these teeth each ridge is divided by a longitudinal channel into an inner and an 
outer column ; each outer column gives off an accessory column from either side, 
which together project obliquely into and quite block the transverse valleys. 
The whole arrangement of the columns on the outer side form a zigzag arrange- 
ment ; while the summit of each column wears into a circle. 

Now, the only two known Indian trilophodons are M. fahomri end M, 
pandionia; the molars of the former I hare not yet been able to describe. The 
penultimate lower molar of that species is, however, much larger tHr the 
tooth in our new specimens, and to nearly open valleys, with distiiiet and dto 
ridges* whose summits wear into trefoils and to into cirdes. I tMfl hope 
shortly to be able to show by a flgto to ooin|»ikle totinctoss of toee two 
teeth. The jaws of the to ere farther very diitout-tto of Jf./etoert 
tog thick end rounded, whik ^ present spectoae to thin end fle& 

Of e desoripl&en of to penultittoe npto be found 

at pege of to 2rst volntne of to Ptoontologito Hemoitu of Pel- 



PART 1.] Zjfdekier : Fwriher Notices of Siwalii Mammalia^ 


45 


coner ” ; if the description of that tooth be compared with that of the corre- 
sponding lower tooth noticed above, it will be seen that the two agree precisely, 
except that one is the reverse of the other, as is alwaya the case in upper and 
lower molars. I have therefore no doubt but that these new jaws belong to if. 
^<mdioni8i which was consequently a species provided with a long spatulate 
mandible, and of which the male carried inferior tusks. 

The interest of this discovery of if. jpandtonis in the Siwaliks is very great ; 
the other known teeth are said to have been obtained from the Deccan from 
deposits supposed by Falconer^ to be of pliocene age ; wherever they came from, 
it is now probable that they belong to the same period as that in which lived the 
other animals of the Siwalik fauna. In cataloguing the fossil Prohosctdia in the 
Indian Museum, I have lately come across a last milk-molar of a trilophodont 
Mastodon from Perim Island which seems undoubtedly to belong to the same 
species. 

In treating of M. pandionis at page 124 of the first volume of the “ PalsBon- 
tological Memoirs, ** Dr. Falconer remarks on the great similarity of the general 
plan of the teeth of M, pandionis and if. angustidenSf the plan of the former 
being, however, rather the more complex of the two. It is interesting to observe 
how this similariiy of plan in the structure of the teeth extends into as much 
as we know of the osteology of the two animals ; thus the newly discovered 
specimens reveal to us that both the species were furnished with a long spatulate 
symphysis to the mandible, tuskless in the female, but in the male provided with 
a pair of relatively large and slightly^curved tusks. From this similarity in struc- 
ture we may, I think, infer that these two species of Mastodon were very closely 
related to one another, and that it is not impossible that at no relatively distant 
epoch they must have had a common parentage. One very important difference, 
however, exists in the structure of the teeth of the two species, which is that in 
ilf. pandionis (though this is not mentioned in Falconer’s specimen) there is a 
large quantity of cement in the valleys, which is entirely wanting in the molars 
of M, angust'idms. 


Mastodon fnriubnsis, Falc. & Caut. 

Two very interesting points in relation to the dentition of this species are 
shewn among Mr, Theobald’s last collection; one of them is, that this species, 
like M. latidens, was provided wii^ an ultimate upper premolar, and the other 
that the species carried tusks in the mandible. The specimen proving the ex>- 
istenoe of an npp^. premolar consii^ of a portion of the left m ax i lla oon* 
tainint two teeth j tike hinder of thej®^ teeth is 4i inches te ; four 
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The premolar is rounded, and carries two transverse ridges and two smsJl talons. 
The larger tooth corresponds exactly in form with the ’ first or antepenultimate 
molar of M, perimensts from Perim Island, represented on plate 9 of the first 
volume of the “ Paleontological Memoirs of Dr. Falconer,’* and which is now 
in the Indian Museum. Mr. Theobald’s specimen is, however, rather the smaller 
of the two. From the large size of the premolar in the new jaw, I think that 
that tooth must be the last, and that the tooth which it has replaced must con- 
sequently have been the last milk-molar ; the second tooth will consequently be 
the first or antepenultimate true molar, and will correspond to the above- 
mentioned specimen of Falconer’s : the slight difference in size of the two speci- 
mens is very probably due to difference of sex. 

1 have already mentioned at page 71 of the last volume of the “Records” 
the discovery of a complete mandible of this species, and of the possible occur- 
rence of lower tusks. Two specimens of the symphysis of the mandible of the 
same species in Mr. Theobald’s last collection have now made it certain that 
certain individuals, probably males, were famished with small mandibular tusks. 
Both the new specimens have been fractured, and exhibit sections of the tusks 
in their alveoli ; these tusks were of small size, and show an oval cross-section, 
of which the vertical diameter in the middle of the symphysis is 1‘6 inches, 
and the transverse diameter 1*3. 


PERISSODACTTLA. 


Acebotheriuh pebimense, Falc. & Caut. 


The discovery of a nearly complete cranium of this species in the Siwaliks 
of the Punjab by Mr. Theobald is of great interest, as only very fragmentary 
remains of the species have hitherto been known. The new cranium is further 
interesting, as showing the accuracy of Falconer’s opinion (formed on the evi- 
dence of a few generally imperfect teeth), that the Perim Island -Rhinoceros 
was hornless, and belonged to the genus Aceratherium, 

The cranium, with the exception of a few minor injuries, only lacks the 
extremily of the nasals, and maxilleB and premaxillss, together with the greater 
part of ih.e zygomatic arches, to be complete, and is generally in a very excellent 
state of preservation. As I shall hope on a future occasion to give a figure and 
a more ^tailed description of this it will only be noticed very shorfly 

here. " 


The cranium is that of a fixPy i4 thepertuaneiit molars being 

greatly worn vsnd the obRt^rat^l ii is also of hu 
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jection, having no refiemblance to the broad and curved bones which occur in 
the other species. The transverse diameter of the base of these bones in the 
new cranium is only 3*3 inches, whereas in the smaller crania of B, swaleoais 
and 22. palmvndicus it is 5 and about 4‘8 inches respectively, and in the large 
22. iplatyrhimM is upwards of 6*5 inches. Again, the base of the nasals in the 
new cranium is perfectly smooth even on the upper surface, shewing that 
there was no nasal horn, such as exists in the other species ; the frontals are 
also perfectly smooth, and shew no signs of having ever carried a horn. 
The cranium, therefore, is truly that of an Acerotherimay and as such quite 
distinct from the other Siwalik species of Bhinoceros. 

Together with this cranium, Mr. Theobald has sent the less worn upper 
dentition of another individual of the same species, which is in a better state for 
comparison than the more worn dentition of the cranium. The antepenultimate 
upper premolar in both these specimens agrees exactly with the corresponding 
tooth represented in 6g. 15 of plate 75 of the “ Fauna Antiqua Sivalensis,” 
which is the type of A, perimense; the true molars in Mr. Theobald’s specimens 
also agree with the fragmentaiy molars of the same species represented on the 
same plate ; the now cranium may, therefore, be safely referred to A. jpermense. 

This being so, the complete dentition of this species now enables me to cor- 
rect a very serious error into which I had fallen, and through which I had been 
led to form a new species of Siwalik Bhinoceros, (22. jplamdens)^ though working 
with imperfect materials. 

If we turn to figures 7 and 8 of the second part of the tenth series of the 
** PalsBontologia Indica,” it will be found that I figured two imperfect upper 
molars of a Bhinoceros, which 1 considered to be different from the corresponding 
teeth of any other species, and which I accordingly referred to a new species 
under the name of 12. plcmidens. Subsequently several complete upper molars, 
and a considerable portion of a mandible, together with an upper incisor, all of 
large size, were obtained by Mr. Theobald, and were referred to under the same 
specific name at page 96 of the last volume of the Becords.” 

Now, the true molars in Mr. Theobald’s two latest specimens agree precisely 
with the above-mentioned upper molars, and clearly belong to the same species. 
It is therefore clear that the new species 22. plmidens must be merged in 
A. perimense. 

In figure 5 of Plate VI of the same volume of the Palssontologia Indica” 
I figured two teeth of A, perimmsef which I considered to be the last premolar 
and the first true molar, because, aa will be seen by the figure, the second of 
these two teeth is the most worn. Considering this latter tooth to be a true 
molari it was apparent ihat the true molar referred to phmdene could not 
belong to A* paHmeass. A comparison of the two teeth in question with the 
dentition of Mr. Theobald^s specimens shows, however, that these teeth are really 
the first and second premola^ and that their relative rate of wear must be an 
abnormality. I may add that X ought to have known that these two teeth must 
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have been ihe two middle premolars, because no snch discrepancy in size occun 
between the last premolar and first true molar as occurs between these two teeth 
while the smaller tooth is of too small dimensions to have been the last true 
molar, I may add that the tooth represented on Plate VI, figure 2 of the above 
referred to volume of the “ Palasontologia Indica,” as the first true molar oJ 
A. perimensef is really the penultimate premolar; and that the unnamed tootb 
from Sind, represented on figure 6 of the same plate, seems to be the antepenulti- 
mate upper premolar of the same species. 

On a future occasion I shall hope to be able to give figures of the almosi 
complete upper and lower dentition of the present species ; and I cannot but regrei 
that I have previously published figures of such very imperfect specimens. It ifi 
interesting to observe that A, perimense agreed with the European A, incisivvm^ 
in being hornless, and in being furnished with a single pair of very largo upper 
and lower incisors, clearly showing that the absence of one weapon of offence or 
defence is compensated for by the greater development of another. 

1 may here mention that we seem to be gradually obtaining evidence that 
the mammalian fauna of the Punjab and Sind forms a connecting link between 
the fauna of Perim Island on the one hand and of the more eastern Siwaliks on 
the other. Thus, as will be gathered from a perusal of this and my previous 
papers in the Eocords, we have in the Siwaliks of the Punjab and Sind the 
following Perim Island mammals, which were not known to Falconer from the 
more easterly Siwaliks, vu , : — 

Dinotherium indieum. P. ; I. P. 8. 

Mastodon pandionis. P,; I. P. Deccan (?) 

Mastodon perimensis. P. ; 1. P. 8. (?) 

Hyotherinin sindiense. P. ; I, 8. 

Acerotheriom perimense. P. ; I* P. 8. (?) 

Hippotheriam theobaldi. P. ; 1. P. 

All these mammals belong to old forms, and seem to indicate that the Perim Island 
deposits and the zone in which they occur in the Punjab (^ition unknown) 
are low down in the series and correspond to the older Sind Siwaliks. 

Distributim of of BmaWc Mcrnmals, 

Since the publication of my paper on the Fossil Mammalian Fauna of 
India and Burma, ** * several new genera have been added to these fauna, and 
the distribution of ihe previously known genera has been further elnoidated. t 
have therefore compiled the following table of the distribution of the 
genera in the Siwalikand the otlmr tei^aries below tlm iS^erbudda g^ 
must be taken as superseding tha tables given on pages 90^92 of my above 
quoted memoir. ^ ^ 
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Table of distribution in India of Shvnlik Mammalian Genera, 



Pbimatbs 


Pbobosoidia 


Unguiata 


.. I Palseopithecus 


Stej^on 

Loxodon 

Euelephas 


Artiodaoti/la ... IHppohyus ... 

Tefcrnconodon 
Hipi)opotamus 
Sanitherium.,. 
Listriodon ... 


Hyotbcrium ... 

Antbracotherinm 

Hemimeryx.., 

Sivameryx ... 

Hyopotamus,.-. 

ChoDromeryx 

Merycopotamus 

Chalicotherium 

Oamalaa •„ 

SivaUieriiim 

9y4lliipithe)dQm 

Vi«|iniifcberiiLia 

AnWope 


Country Punjab 

engt of wo8t of Sind. Perlm I. 
JhoUm B. Jhelain B. 

























50 


Records of the Geological Snrveg of India, 


[voL. xn 


Order. 

Genus. 

Burma 

Bylhet. 

Coimtnr 
esKtoi 
Jhelam R 

Puajab 
west of 
Jhelam B 

Bind. 

PerlA 1. 

M'tiodactyla — 
contd* 

Dor 


? 

... 

X 

... 

... 

... 


UeiniboB 



... 

X 

? 

... 

... 


Ampliibos 



... 

X 

? 

... 

... 


Peribos 



... 

X 

... 


... 


Bubalus 



... 

X 

... 


... 


lUson 



... 

X 

... 

... 

... 


Capra 



... 

X 

X 


X 


Dorcatherium 

... 



X 

X 

... 



CervuB 


? 

X 

X 

X 

... 

... 

PerUaodaci^la ... 

Acerotberium 

... 

P 

... 

p 

X 

X 

X 


Rhinoceros ... 


X 

... 

X 

X 

X 

? 


Hippotherium 



«. 

X 

X 

... 

X 


Equus 


P 

... 

X 


... 

... 

Cabkitoba 

Hysenarctos ... 




X 

X 

? 



TJraiis 


? 


X 


— 



Melllvora 


... 

... 

X 

X 

... 



Meles f... 


... 

... 

... 

X 

... 

... 


Amphicyon .«• 


... 

... 

X 

X 

X 



Enbydriodon 


... 


X 

•• 


... 


I^utra 



... 

X 

X 

... 



Caiiis 


i ... 

... 

X 

p 

! 



Ictitherlam ... 

... 

... 

... 

... 

X 

... 

... 


Hyena 


... 

... 

X 

X 

**• 

... 


Machairodtu... 


... 

... 

X 

... 

... 



Felis 


... 

... 

X 

X 

. ••• 



Psendelnras... 


... 

• as 

... 

X 

.. 

... 

EopmcA 

Hystdx 


... 

aaa 

X 

X 

... 



Bhiaomyt ,,, 

• a* 


... 

p 

X 

... 



Kbs 

... 



X 

... 

... 



MaBb 


... 

... 

... 

... 

X 

« .« 
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In the above table there are a few points which call for short notice. In the 
first place, the number of specimens collected from Sylhet is so small, that no 
inference as to the absence of genera from the formations of that district can be 
drawn from their absence in the table : to a less degree the same remark applies 
to Burma and Perim Island. Again, in the three columns headed respectively 
Country east of Jhelam R.,” “Punjab, west of Jhelam R.,” and “ Sind, ” I do 
not wish to lay any great stress on the absence in any of these columns of any of 
the rarer genera, such as Sanitherium, AmjpMcyon, or Lutra, as indicating their 
absence from the formations under those columns. On the other hand, the pre- 
sence or absence in any of these columns of any of the common genera, such as 
Euelephas, Merycojwtamus, Bos or Equtts, is of great weight, and is to be considered 
in many cases as a fact in distribution. 

We may notice in Sind the complete absence of the following common 
Siwalik genera, viz., Stegodon, Loxodon, Euelephas, Hippopotamus, Merycopotamus, 
Camelus, Oa/mehpardaUs, Bos, Bison, and Equus ; and we may further note that 
most of these genera are modem forms, and that most of them arc not found in 
the country to the west of the river Jhelam, but that they occur commonly 
enough in the countiy to the east of that river. Again the genera Dinotherium, 
Listriodon, Hyotlieriwm, various Suina, Hyopotamus, and Acerothcrium, are of fairly 
common occurrence in Sind and the Punjab, and do not, I believe, occur in the 
country to the east of the Jhelam, with the exception perhaps of Acerotherium, 
which has been found a little to the east of that river. Again the genus Equus, 
which is extremely conamon in the Siwalik country of Falconer, is unknown in the 
Western Punjab, and is there replaced by JSippotheriam, of which genus at least 
two species occur there very commonly, of which one (H. artilo'pimjmi) occurs 
in the more eastern country, while the other (H. iheohaldi) is only known from 
the Western Punjab and Perim.^ 

The table in fact shows that the more modem genera are mainly character- 
istic of the countiy to the east of the Jhelam, while the Punjab, Sind, and 
Perim Island arc characterized by on older facies of genera, —the greater number 
of old genera occurring in Sind. The Sind fauna is consequently to be regarded 
as the oldest of the Siwalik group, that of the Punjab and Perim Island probably 
the next in age, and the Siwaliks of the Dehra Diin and neighbouring countiy 
as the newest of aU. I wish, however, to add that although I think the difEer- 
ence in the mammalian faunas of the difEerent districts under discussion ore due 
in, great measure to difEerences in relative age, yet that it is probably that many of 
the genera, such as those of the Sivatheridoe, were strictly contemporaneous, and 
were limited in their geographical range. 

1 In Falconer's catalogue of the VerUhrata In Uie collection of the Asiatic Bociet>* of Bengal, 
the moJare of this species are referred to I believe 1 have evidence of the existence of 

four species of the genuS in the Pdnjah, 
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DESCRIPTION OP PLATE. 

Fig. 1. Palaopithecus sivalskbis, nobis. 

Lateral view of right maxilla. 

„ 2. Macacub bivalensis, nobis ; palatal view of right maxilla. 

„ 3. Bhizomts siVALBNSrs, nobis ; palatal view of left ramns of mandible. 

„ 4. Macacos sivalensis, nobis ; palatal view of left maxilla. 

jf 5. Paljiopithbcus sivalbnsis ; palatal view of specimen represented in fig. 1. 

Fig. 3 twice the natural size ; the rest natural size. The two sides of 
the maxilla represented in fig. 5 have not been placed quite sym- 
metrically. The perfect tooth on the left side of the figure should 
be opposite the decayed tooth on the right side. 


Notes on some Siwalik Birds, hy B. Ltdbkkeb, B. A., Geological Suwey of 

India. 

Introduction. 

In the Siwaliks, as in many other ossiferous formations, the fossil remains of 
birds are of extremely rare occurrence, and such leones as do occur are generally, 
owing to their delicate structure, merely fragments of the stouter extremities. 
Except in formations like the lithographic slates of Solenhofen, the skull of birds 
are scarcely ever preserved as fossils, and none have as yet been obtained from the 
Siwaliks. From time to time, however, a few fragments of bird-bones have been 
obtained from these deposits, and these are of extreme interest, as being the only 
evidence we have at present of the existence of an avian fauna in the Siwaliks. 
Some of these bones were collected by Dr, Falconer, and were deposited by him 
in the British Museum, figures being given of them on Plate B of the unpub- 
lished plates of the ** Fauna Antiqua Sivalensis.’'^ On the evidence of these 
bones M. A. Milne-Edwards’ established two species of extinct Siwalik birds, 
namely, Struthio asiaticus and Argala falconeri. From the evidence of another 
bone which is not figured in the “.Fauna Sivalensis,” the same writer considered, 
that a bird allied to Phaeton must have lived with the Siwalik fauna. 

Among the vast collection of mammaUan-and reptilian bones obtained by Mr. 
Theobald from the Siwaliks, there are a few fragmentary bird bones ; and these 
together with the bones collected by Dr. Falconer, form mainly the subject of the 
following short notes. These notes are not intended as an. accurate description 
of the bones, because I wish to defer that description in the hope that I may 
hereafter obtain more complete materials. Some of the hones are, however, of 
snoh t^t t have ihoi||^ht it well to bring their existence into notice, 

m#dut to the period when X ehall he enabled to give 

figures 

. z of thm pIsM 'Can now he at the British afnseam. 

f foMlei m U Frimce, Vela 1, p. Ui p. 5^7. 
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Fossil Stbuthioids. 

With regard to Struthio astcaticus of M. Milne-Edwards, it appears that this 
species ^as formed on the evidence of the phalange, and of the distal extremity of 
the tibio-tarsiis, which are represented in figs. 2 and 15 of the above-quoted plate 
of the ** Fauna Antiqua Sivalensis.” In noticing these species, M. Milne-Edwards 
(loc* cU,) remarks : ” L'lme des espices les plus remarquahles appartenait au groups 
des Brivipennes et se rapprochait heancoup de VAutruehe d'Afrique par la conforma-- 
turn de sonpied^ qui neportait que deux doigts^ I am rather at a loss to discover how 
M. Milne-Edwards detehnined that his Siwalik ostrich had but two toes, because, 
as I have said, the only struthioid bones figured in the “ Fauna Antiqua Sivalensis*’ 
are the distal extremity of the tibio-tarsus and a phalange. The first bone would, 
as far as I am aware, give no indication of the number of toes, and the second, 
which appears to belong to a median digit, is symmetrical in itself, and might, 
as far as I can see, belong to either a two- or a three-toed bird. It is, however, 
possible that M. Milne-Edwards may have seen a specimen of the tarso-moto- 
tarsus of this struthioid which would of course settle the question. In any case 
it is probable that such an authority on the subject as M. Milne-Edwards 
w'ould not have made such a positive assertion without good grounds ; and I 
therefore adopt his dictum^ that the bird to which the two above-mentioned bones 
belonged was a two-toed ostrich. 

I now come to four bones of a large species of struthioid, collected by Mr. 
Theobald in the Western Punjab. These bones comprise two specimens of the 
first and second phalanges of the outermost digit' of a three-toed struthioid bird ; 
one pair of these bones is somewhat larger than the other pair. I will not 
describe these bones on the present occasion, but will content myself with saying 
that as regards form, they agree almost precisely in foim with the corresponding 
bones of Brounveus novce-hollandioe. 

The dimensions of the four fossil bones and the two corresponding bones of 
JD. novcediollandioe are as follows, in inches : — 



Lar(re fossil. 

Small fossil 

JhvmauB 

noott-hollan* 

di<B% 

Length of first phalange 


24 

28 

1*8 

Antoro-posterior diameter of superior surface of ditto 

... 

136 

1'25 

0-76 

Transverse ditto ... ... 

... 

X'3 

1-2 

0*7 

Antero»posterior ditto inferior ditto ... 

... 

0-9 

0-7 

0*46 

Transverse ditto ... ... ••• 


10 

0-8 

06 

Length of second phalange ... ... 


1-5 

1*3 

0*8 

Antero-posterior diameter of superior surface of ditto 

... 

11 

0*93 

0*66 

Transverse ditto ... ^ ... ... 


IB 

1*1 

0*62 

Antero-posterior ditto inferior ^tto 

... 

0*7 

O'dS 

0^46 

Transverse ditto ... ... ... 


I IB 

ll 

0^64 


Corresponding to the fourth of the typical series. 
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► It will bo seen from the foregoing measurementa that the fossil and recent 
bones bear the same relative proportions, and that the larger fossils are almost 
exactly double the size of the recent bones. The difference in the size of the 
fossils does] not appear to be greater than that which might occur in different 
individuals of the same species. There are some very slight minor differences 
between the fossil bones and those of Dromceus novoi^hoUandiie^ but they do not 
appear to me to be more than of specific value ; and I think that the fossils 
should undoubtedly be referred to that genus. 

It may be well to observe, that the outermost digit of Striithio has its phal- 
angeal bones of a much more slender type than those of Dvomceus^ and each 
bone is more nearly symmetrical in itself than in the latter genus. The stout and 
obliquely shaped fossil bones cannot therefore belong to Stnithio. 

Had it not been that M. Milne-!Edwards had referred the struthious Siwalik 
bones in the British Museum to the two-toed genus Struthio, I should have 
not improbably referred all the bones to one species. The tibio-tarsus of Sirvtlm 
asiaticm is, however, rather small for the fossil phalanges. For the three-toed 
Siwalik struthioid bird I propose the name of Dromoeus sivalmsis. If it should 
turn out eventually that M. Milne-Fd wards was erroneous in referring the stru- 
thioid tibiovtarsus to the genus StrutMo, and that that bone really belongs to a 
three-toed species, then it may possibly belong to Dromceus swalensis. Irrespect- 
ive of this question, however, the new fossil bones afford us indisputable evi- 
denceof the former existence in India of an emeu of double the size of the existing 
emeu of New Holland, and which must have rivalled in size some of the gigantic 
fossil three-toed wingless birds of New Zealand. 

If we accept M. Milne-Edwards’ Struthio asiaticus, it is clear that the 
ostriches of Africa and the emeus of Australia once had a common home on 
the plains of India, and it is possibly from this common home that they have 
gradually spread, till they are now isolated from one another on opposite sides 
of the globe. 

The living faunas of India and of the Australian region are almost totally 
distinct; but there are a few indications in Celebes and some of the neighbouring 
islands of there having been a former communication between the African 
Oriental, and Australian faunas ; and it is probable that the same means of com- 
munication afford a passage for the 8trutMomd<^. Mr. Wallace,* in explanation 
of the supposed communication, suggests that a large tract of land formerly 
extended from Australia in a north-westerly direction to Asia, and that this old 
land was probably the home of the ancestors of Bus, BaUrwta^ PhacocJi^rua^ Anoa^ 
BuhahiSf Oyruy^theem^ OynocephahM, and Maca&ue^ to which we n^y now probably 
add and Sindhio, 

Since the itteua end are not found fossil in Australia or New 

Ouinee!» uumeroxiB foss^species of marsupials occur throughout these 

islands, sinibe struthioids aieu' ln^ to have existed in the older pliocene (or 

» iiiitrllmtioa of 4 
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upper mioceue) in Asia, while the marsupials (with the exception of the DideU 
phida) have not been known out of Australasia since the Eocene period, it 
is not impossible that the struthioid birds are a much later introduction into 
Australasia than the marsupials. At page 340 of “ Tropical Nature,” Mr. Wal- 
lace says that Australia was isolated during the whole of the tertiary period, and 
on the next page that it has not improbably been isolated since the oolitic period. 
If I am right in referring the fossil Siwalik bird-bones to Dromems (and they 
are certainly closely allied) we have indications of a much later connection 
between India and Australia. 


New Wader. 

The next fossil bird-bones I wish to notice are an associated sternum and 
an incomplete tibio-tarsus of a gigantic carinate bird, which probably belonged 
to the order Grallatores ; though it presents certain peculiarities which appear to 
distinguish it from all other living birds. This sternum and tibia were in the 
collection of the Asiatic Society of Bengal, and were marked in Dr. Falconer’s 
handwriting as having been obtained from the Siwaliks, though no locality is 
mentioned. The sternum has a bold convex carina, and has a considerable gen- 
eral resemblance to the sternum of Argala (Leptoptilus) ; the notch on either side of 
the xiphi-stemum is, however, much deeper and larger, and the xiphi-stemum 
itself larger and longer. The sternum is moreover more expanded laterally than 
in Argala, The peculiarity of this sternum, however, is that the distal half of 
the furculum, which alone remains, is completely anchylosed to the superior bolder 
of the sternum, so that no trace of division is visible. Behind this anchylosed 
furculum are the long coracoidal grooves, which are placed much more backwards 
than is usually the case in birds. I do not know of any instance among living 
birds of such complete anchylosis of the sternum and clavicles, such anchylosis 
being usually confined to the hypocleidium of the furculum and the manubrium 
stemi. The fossil sternum is of considerably larger size than that of Argala 
indic-a, but from its general form seems clearly to have belonged to a bird allied 
to that genus. The tibio-tarsus which was associated into the sternum lacks its 
distal extremity (astragalus), as well as some portion of its proximal extremity. 

The fibula is anchylosed to the upper half of the tibia, which shows that the 
bones do not belong to a struthioid, in which the tibia and fibula are distinct. 
The bone has the general shape of the tibia of Argala^ but is flatter superiorly, and, 
in place of being slender, is stout and strong like the tibia of the ostrich. The 
length of the imperfect tibia is about 14 inches, while its transverse diameter 
superiorly is 1*8 inches, and its antero-posterior diahieter 1*2 inches. 

< As regards size, our tibia has a great resemblance to .the g^antic Oasiomie 
parisionsis'^ of the French eocene, which is only know^ by ite fmnur and t&ia, 
and which seems to hhve Characters ooxmnon to the and liTatatOtes. 

The tibia of Ouskrn^ MeMljy bone 

contracts ; there is ajto a great holl^ in the former onrihe anterior surface above 

* (Hsesux fowifleii d6 la France Atlax, Vol. Ih 
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the condyles, which does not oocnr in the latter. In Qastomu the tendon of the 
tibialis aniicus muscle passes through a distinct bony arch, which I think does 
not exist in the Indian fossil. Again, the Indian tibia has the fibula anohylosed 
to it for half its length, which is not the case in Oastomis, I am not aware of 
any other living or fossil bird (except the BatidiB), which has a tibia approaching 
in size to that of our fossil. 

These two bones indicate the former existence of a carinate bird, probably 
allied to the adjutant, but which in stoutness and length of limb was interme- 
diate in size between the ostrich and the emeu. I propose to call this bird 
Megaloscelomis sivalensis ^ ; the remains I hope to describe more fully on a subse- 
quent occasion. 

Argala faleoneri, M.-Edwards. 

The remains of Argala falconeri in the British Museum, according to M. 
Milne-Edwards (loc. cit.)y consist of the proximal and distal extremities of a 
tarso-metatarsus, and two specimens of the distal extremity of the tibio-tarsus. 
Two of the bones indicate a bird larger than Argala indica {Leptoptilus argala)^ 
while the other two are of somewhat smaller size. In the Indian Museum we 
have three bones belonging to Argala falconeri, all of which urore collected by Mr. 
Theobald in the Punjab : these bones comprise a very late cervical vertebra,® the 
distal extremity of a tibio-tarsus, and the first phalange of the outermost digit. 
The first two of these bones are of exactly the same size as the corresponding 
bones of A, indica, w^hile the third is slightly smaller ; as regards form all appear 
to me to be indistinguishable from the corresponding bones of the living species. 
Since some of M. Milne-Edwards* specimens are of somewhat larger size than the 
living adjutant, it is evident that the Siwalik adjutant attained a somewhat greater 
size than the living species ; but as the bones of the two are indistinguishable in 
form, it appears to me to be very doubtful whether we have as yet any good evi- 
dence as to the specific distinctness of the living and fossil forms. 


Conclusion. 

Besides the above-described bones, there are in the Indian Museum a cervi- 
cal vertebra and a tibio-tarsus of birds about the size of the common fowl, but 
whose affinities I have not yet determined. 

There is also the distal extremity of the femur of a large unknown bird figured 
in the ** Fauna Antiqua Sivalensis/’ as well as several fragments of bones of 
smaller birds. In the collection of the British Museum there is the distal 
extremity of the humerus of a bird, which was recently discovered among 
fiome Biwidl^ Idr. showed it to me ; but I had then no 

‘ to bird it belonged; It be, noticed that 
^ - fare <^bBt common, 
end mhjoidiy bones belonged^ birds of large sito. 
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This, I think, can only be aoconnied for hy the larger bones being, firstly, more 
likely to escape destruction, and secondly, being more likely to be obtained by col- 
lectors. We are not therefore, from the paucity of small bird-bones, to argue that 
the smaller birds were not fully represented in the Siwalik fauna, any more 
than in the case of the small mammals, of which the remains are likewise extreme- 
ly rare. Since birds, as a rule, are of far inferior size to mammals, it is only 
natural to expect that the discovered fossil bones of the former should only pre- 
sent a very small percentage of those of the latter. 

With regard to the Siwalik tarso-metatarsus stated by M. Milnc-Edwards 
to indicate a bird closely allied to the living Tropic birds (Phaeton), it seems 
incredible that a bird of that essentially oceanic genus could have lived in the 
[and-locked Siwalik country. The difficulty may perhaps be got over by calling 
in question the authenticity of the locality of the bone, of which there seems no 
certain history. 


Notes of a tour THROuau Uangrang and Spiti, by Colonel C. A. McMahon. 

Circumstances over which I had no control delayed my departure from 
Simla so long, that the time at my disposal was only sufficient to enable me to 
make road<*side observations by the way. I could only devote one halt to ex- 
plorations off the road. 

In my lost paper (Rec. Geol. Surv., X, p. 204) I described the rocks of the 
Upper Sutlej as far as Jangi, and I now proceed to describe the section from 
that place to Spiti, via the Ruhang and Hangrang passes. 

The dip of the schists and central gneiss between Pangi and Jangi varies 
from north-east to east-nortli-cast. Between these places, as described in my 
last paper, frequent intrusions of granite culminate in on eruption on a grand 
scale ; the granite constituting the core of the Gongra ridge, and extending in a 
north-westerly direction from near the confluence of the Todoong Gar river 
with the Sutlej, to Lepi. Whether it extends beyond Lepi I do not know. The 
rocks fringing this central granitic core, and forming the minor ridges of the 
Gongra range, are mica schists. On leaving Jangi (elevation 8,850 feet)' the 
dip is at first fiat, but as Lepi (elevation 8,880 f^ot) is neared, a west^south-west 
dip is Bq|i up. Between Lepi and the top of the Ruhang pass (elevation 14,354 
feet, T. S.) the dip varies from north-north-east to north-west. The rocks, which 
at first are silicious and micaceous schists, gradually get more and more slaty, 
and finally pass into unmitigated slates with a grey streak. 

Whether there is a gradual transition from metamorphic crystalline rocks 
to clay slates — the one gradually passing into the other-^or whether the transition 
is merely apparent, I cannot positively state. It would require, I think, a care- 
ful detailed survey of the ground to decide the question definitely. It is impos- 

' The elevations given are geaeauUy those shown by my aneroid bsicmefter s when the Wigono- 
metriosl servey elevations sre given, the letters T. S. ere a&ed. 
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sible for a Himalayan traveller, with a long and toilsome march before him, to 
crack every piece of rock he sees, and scrutinize it minutely ; and when rocks on 
their weathered surface give no outward indication of a change, it would be quite 
possible, 1 imagine, to miss the border line between slaty micaceous or slaty 
silicious schists on the one side, and micaceous or silicious slates on the other. 
The difficulty is increased not only by the fact that some metamorphic rocks in 
this area closely resemble in extern^ appearance the sandstones and slates of 
the palaeozoic series in contact with them, but also from the circumstance that 
both series have been alike alLected by comparatively recent disturbances. 

1 have no note of any granite veins, and I feel sure 1 did not see any in the 
schists at Lepi. 1 see no reason to suppose that the intrusion of the Gongi*a 
granite (which I believe to be albito granite) occurred at a later period than 
the albito granite of other sections ; and I do not, therefore, think that the 
metamorphism of the schists at Lepi can be explained by referring it to the rise 
of the granite. 

At the top of the Buhang pass the dip changes to south-south-west, and the 
angle of dip is high all the way down to Sungnam (elevation 9,620 feet). The 
rocks resemble the slates and fine sandstones of the Simla slate series. 

At Sungnam, the slates, which are here nearly perpendicular (dip extremely 
high to west-by-south), are of a light grey color ; baton the way up the Hangrang 
pass they get darker in color, and become like the Simla slate beds that so much 
resemble some of the nummulitic clays. At an elevation of 10,150 feet, the 
northerly dip is recovered i>y a sharp and fractured anticlinal, along which some 
of the beds above, dipping north-east, seem to have been pushed over the beds on 
the south-west side of the anticlinal. 

At an elevation of 11,050 feet, the slates terminate suddenly, their junction 
with the rocks above them being masked by a side stream, running down from 
the top of the Hangrang pass. On the other side of this stream, pink lime- 
stone appears, in beds of from 1^ to feet in thickness. There are probably 
from 300 to 400 feet of them. 

When first seen the pink limestones apparently dip north-north-west, but 
this rapidly subsides into a north-east-by-north dip. These beds are overlaid 
conformably by purple calcareous indurated clays that break under the hammer 
into lumps, and not into slaty slices. Over these is a small outcrop of a slate 
with a dork streak, which is overkid, at an elevation of 12,000 fe^, a thin 
bed of dark-blue limestone. Then follow, in the ascending order, dark slates 
that break into acicular fragments. They reminded me so much of the 
argillaceous beds exposed on the eastern side of the Krol mountain^ that it 
needed the test of acid to satisfy me that ihqy were not calcareous. At an 
elevation of 12^300 feet these slates give place to dark-blue compact limestones, 
for the most part in beds of half a foot to two feet in thickness, and they continue 
np to the top of the pass (ekvaiion 14,530 feet). A bed of (jpreenstone occurs 
in them. ^ ^ 

> Ifks. d. S. I.i Tid. Ill, pt. », p. kt. 
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Judging from tLe talus, I am under the impression that the rocks on the 
south-east side of the pass, namely, in the direction of the Thagiriga trigonomet- 
rical station, consist of slates faulted against the limestones ; but I had no time 
to scale these cliffs to examine them. On the north-west side of the pass, and 
down to Hango (elevation 11,500 feet), the limestones continue ; the north-easterly 
dip changes near the summit of the pass to a low west-north- west dip, producing, 
when the beds are viewed from below, an appearance of unconformity. 

On the descent, at an elevation of 13,400 feet, clay slates re-appear, dipping 
south-west. From this point, owing to great contortion, the limestones and slates 
alternate several times, being sometimes perpendicular, at others dipping south- 
south- west. Near the bottom of the descent, a compact quartzite becomes 
prominent, sometimes perpendicular, sometimes dipping south-west-by-south, 
In color it varies from a bluish to a pinkish-white. Close to Hango, as another 
result of contortion, the thin-bedded limestones and slates re-appear, having an 
extremely high (nearly perpendicular) north-east dip. 

The quartzites above described and the thin-bedded limestones at the top of 
the pass belong, I apprehend, to the Krol formation. I doubt if hand specimens 
could be distinguished from those taken from the Krol mountain itself. Most of 
the beds weather a dark blue, but some brown. The rock abounds in white 
calcite markings, sinoilar to those so common in typical Krol rocks. The purple 
calcareous clays 1 have described as occurring on the south side of the pass 
reminded me of the purplish-red, sometimes calcareous clays of the Krol and Boj. 

Proceeding onwards towards Leo on the Spiti river, the first rock seen on 
leaving Hango, and which dips north-east, is a highly silicious white limestone 
(weathering white) with a faint shade of green in it, due apparently to the 
presence of a little chlorite. On the weathered surface I saw what looked like a 
cast of Nautilus spitieusis^ only about half the Size of that figured in Plate IV, 
Memoirs vol. V, as one of the Lilang fossils. It seemed to vanish into nothing 
when examined with the aid of a lens, and broke into pieces on the first appli- 
cation of the hammer, leaving me in a painful state of doubt whether I had seen 
a real fossil or not. 

The limestone just described is overlaid by a hard silicious dull pinkish- 
white limestone that weathers a dull red-brown. It might easily be taken for a 
quartzite, but i^ effervesces slightly with acid (strongly when powdered), and a 
qualitative analysiB of it shows that it contains a gobd of lime and some 
magnesia. A thin slate is inierofdat^. with these lim^tones. There are some 
hundreds of feat of these rocks, but | mmnot say exactly hqw thick they are, as 
the hill side is obscd^ by talus fo^ lenm zhiles. 1!he lime, 

stone appeared^ ppom h^l^ down, to o 

vidiilse quests \ 

■ As t aiqiearej^ 

change!. 'temporiSajl^- to 
.zH>adAark-bW~^'Hmesiones 
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The white limestones at Hango are, I apprehend, the some rocks as the pink 
limestones on the south side of the pass. 

Further on, at a point where the road, having ronnded a spur, winds into 
the mountain side, slates re-appeared dipping west. As the silicious limestones 
did not crop out between the blue limestones and the slates, 1 presume they were 
hidden by the talus, which, at the level of the road, is very abundant along 
this section. As the crystalline series was neared I came to a pale bluish-white 
slate weathering a bright yellowish ochre color in irregular patches. Associated 
with the latter was a thin bed of dark slate, in some places as black as coal 

From those rocks I passed by a sudden transition to the crystalline series. 
The change takes place just where the road from Hango rounds the edge of 
the Tinga ridge, at an elevation of 11,500 feet, before the commencement of the 
descent to Leo. The slates rest upon the crystalline rocks, and no material 
change of dip would be observed in passing from the one series to the other. 

The crystalline series extends from the point indicated up to (and probably 
beyond) the Pain nver, but at and beyond Change, as will be shown further on, 
they are overlapped by pink limestones and calcareons slates. The lowest beds 
in the crystalline series at Leo are massive quartzites ; these are followed by 
thin-bedded white and bluish-white quartzites, with some beds of mica schists. 
Higher up in the series the mica schists become more prominent. Some of the 
latter are fine-grained silicious rocks, showing no mica on the weathered surface. 

The crystalline rocks, quite up to their junction with the unaltered rocks, 
are riddled through and through by dykes and veins of albite granite, varying 
in thickness from about 30 feet to the fraction of an inch. The granite is 
undoubtedly intrusive. It may be seen throughout the crystalline series between 
Leo and Chango, from the bed of the Spiti river up to the tops of the highest 
peaks, profusely penci rating the strata in all directions ; sometimes darting across 
them in long zigzags, like forked lightning ; at others, following the line of 
bedding for some distance, and then either dwindling away into thin strings, or 
terminating suddenly to burst out in adjacent strata with redoubled force. 

The granite in the gneiss in the vicinity of Chango has already been 
identified as albite granite (Memoirs, vol. V, p. 154). It presents all the 
characteristios of the intrusive albite granite of the Wangtu section of the 
Sutlej valley, being a mixture of quartz, muscovite, schorl, and a snow-white 
felspar {occasitmally showing triclinic striations) that scarcely weathers at all. 
When the schorl is sparsely scattered through the rock, the muscovite is plentiful 
and in good sized packets or leares, but when the black tourmaline is abundant, 
the muscovite becomes very subordinate and dwindles to thin flakes of small size. 
In some places the schorl is py!ofuSely scattered through the rook, in irregularly 
shaped fragments* 

Oluuigo 1 {onad it) mioft soldHis. It WM of besniifnl cobalt 

(bikdbg into a pearly -wbile) bat the foladoe -irere not near]^ eo large as tboee 
el tbe minoral found ia tb« oeutral gneiu near Wasgta. In the eame locality 
tlMne sMne chiMtoHte eehista near gxmii», 



61 


PART 1.] McMahon : Kotei of a t<mt through llangrang and Bpiti. 

1 first met with gneiss within a few miles of Chango. It showed again 
between the latter place and the Para river, and on the banks of that stream. 
Dr. Stoliczka identified the gneiss on the left bank of the Para river as the 
central gneiss (Memoirs, vol. V, p. 16), and though I saw none porphyritio in 
structure, I do not doubt the correctness of the identification. That the crya- 
tallino rocks I have described belong to the central gneiss scries may, 1 think, be 
accepted on the evidence of their ciystalline structure, and the presence in them 
of cyanite and intrusive albite granite, characteristic features of the typical 
Wangtu section. The dip of the crystalline rocks at Leo is west-by-north, but this 
changes gradually to west-south-west, and finally at Chango to south-west. 

About two miles south of Chango a ridge of limestone rocks, the dip of 
which varies from south- west-by-south to south, runs up from the Splti river 
and abuts on the crystalline series just where the road from Leo to Chango 
crosses the ridge. At this point the dip is south- west-by-south. The limestones 
consist of thin-bedded, pale blue and cream-colored beds, weathering from a pale 
pink to a yellow oclire color, intercalated with dark blue calcareous slates. The 
latter effervesced freely with acid wherever 1 tested them, but they break up 
into small thin slices, and look more like slates than limestones. 

In a cliff overhanging the Spiti river, 1 found what appeared to be coralline 
remains in the pale blue limestone ; but they were in bad preservation and have 
not been identified. 

In the bed of a stream to the east of Chango and between the latter village 
and the ridge above described, and also at the village of Chango itself, some hard 
dark slates are exposed. Dr. Stolierka also mentions (Memoirs, vol. Y, p. 19} 
the occurrence of Silurian slates opposite Shalkar. The slates dip under the 
limestones. 

On the north side of Chango the limestones distinctly overlap upon the 
crystalline series. To the north-east of the village, where two irrigation channels 
“ take off,” as engineers say, from the stream flowing down from between the 
Kakthai and Kungrang trigonometrical stations to the Spiti river, the crystalline 
series is to be seen in contact with the pink limestones and dark calcareous slates. 
The mica schists are riddled with albite granite veins up to the point of contact. 

The limestones overlap the schists ; and though the plane of contact dips at 
a high angle, the junction of the two series of rocks is evidently not a faulted one, 
for about a mile lower down the stream, the crystalline series again crops up and 
forms a cliff overhanging the river ; the identity of these rocks here with those 
higher up the stream being established by the presence of two albite granite 
veins in the cliff alluded to. further evidence of the fact that the limestones 
overlap the crystalline series was obtained as X journeyed onwards along the line 
of strike. 

From Chsngo (elevation lO^lSC feet) up to the top of the Chandan Kamo 
ghat^ (elevation 12,340 feet), the rocks consist of similar limestones to those 

^ Msrkisd Ga on th 0 as^ It is opps^ito SMksr* 
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described as occurring in the ridge south of Chango ; in both ridges white and 
grey quartzites occur in connection with them ; but the whole hiU-side is covered 
with talus, and only little outcrops of rocks in situ are seen hero and there. The 
pink limestones at the commencement of the ascent dip north-north-east and 
north-by-east, but the dark calcareous slates are generally vortical or dip about 
in all directions. At the bridge over the Chadaddokpo the crystaJlines (mica 
schists and gneiss well riddled with albite granite as usual) re-appear in force 
on both banks of the stream. They appeared to extend a considerable way 
down the stream. Dip here north-west by-west. On rising from the bed of 
the river I came again to unaltered whitish blue limestones, whilst beyond, in 
the same b’ne of strike, the mica schists and granite re-appeared. In the bed of 
the Para river the gneiss is so riddled with granite that its metamorphic charac- 
ter is nearly obliterated. 

Proceeding westwards from the camping ground on the banks of the Para 
river (elevation 10,580 feet) the rocks are*at first white quartzites dipping east- 
by-south ; then follow compact blue slaty limestones, and then a pale salmon pink 
limestone weathering a light ochre brown. The blue beds break up into thin 
slaty slices, and the whole, no doubt, are a continuation of the beds seen at 
Chango. They continue over the ridge down to the Qhu river. As the stream 
is neared the white quartzite seen on the banks of the Para re-appears, dipping 
east-north-east and north-east-by-east. It weathers a reddish-brown. Below it 
are grey quartzites, and below the latter, in the bed of the stream, is a pale 
whitish-grey slate sufiBciently soft for a knife to cut well into it. 

The pink limestones and calcareous slates in contact with the crystalline 
series at Chango are, I apprehend, identical with the pink limestones and slates 
seen at Hango ; but I feel some difficulty at present in giving a name to them. 
They are above the Silurian slates (overlapping them and resting on tlie 
crystallines at Chango), and are overlaid by the dark Lilang limestones at the 
Hangrang pass and Hango. They appear to occur again, as will be mentioned 
further on, in the same order, between Losai and the Kanzom pass. 1 think 
they answer best to the Muth middle beds, which Dr. Stoliezka correlated 
with the Bloini limestone of the Simla area (Memoirs, vol. V, p. 141), and 
in coloring the accompanying map, I have provisionally classed them as Muth 
middle beds. Very often both the weathered and fractured surfaces of the pale 
blue and pink limestones reminded me of the Blaini limestone of the Simla area 

I considered it right to note (page 59) that I saw at Hango what had the 
resemblance of a iriassio fossil, but unless and until other fcriassic fossils are found 
in the pink limestone beds, I do not think it would be safe to attach importance 
to the emumstanoe* 

Proceeding onwai^ towards tiie road leade over to be 

a oontinuaticKii of the same CNtriee for a short distance, when these rocks are 
suddenly oAt otf, apparently by a iMXlt with m great ihMw ; the toad* which 
follows the line of strike, passing aaddenly from white quartzites to silky slates 
eontainfrg fome beds of vety psJb blue limestones (both weathering reddish- 
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brown), being the beds of the Bhabeh series descnbed hj Dr. Stoliczka at p. 19, 
vol. V, Memoirs. 

These rocks at first dip north-west, but eventually round to west-by-north ; 
the change being marked by a great contortion amongst the upper rocks on the 
left bank of the Spiti. The silky slates are succeeded by rocks higher in the 
series ; those described at p. 20 of Dr. Stoliczka’s Memoir, viz., beds of light 
colored quartzites and quartzite sandstones intercalated with dark slates that 
splinter into small thin slices. The debris of these slates imparts a very dark 
tint to the mountain sides, especially when seen from a distance, but whenever I 
tested them I found that they had a pale grey streak. 

These beds on the Spiti river, between Huling and Po, have the same coloring 
in the accompanying map as the slates south of Loo and of the Kanzam pass ; 
but in both of these latter regions they more closely resemble tlie slate series of 
the Simla area ; and I was unable to decide from the cursory survey of the rocks 
along the route I followed, whether the difference in the character of the beds is 
due to alteration in their lateral extension, or whether they occupy a different 
horizon in the palseozoic series. Prom Dr. Stoliczka’s remarks at page 21 of his 
Memoir, he would appear to have held the former view, and I think it is probably 
the right one, but the point can only be satisfactorily determined by the survey 
of a wider area than I had an opportunity of visiting. 

ITear Lari the strata become vertical for a short distance, and here I observed 
a thick bed of the contemporary greenstone described by Dr. Stoliczka as occur- 
ring in the palspozoic formation of Spiti (Memoirs, vol. V, p. 20). Por some 
distance beyond Lari, angular blocks of this rock on the road side attested its 
presence in the cliffs above, but if it again dip down to the level of the roads,, 
the outcrop must be buried under talus, as I did not see the rock in situ again. 

Prom Lori onwards 1 did not observe any material change in the character of 
the rocks until nearing the point where the river Spiti takes a sudden north-west 
turn near Mani.^ Here the strata suddenly dipping down to the river and rising 
on the opposite side form a sharp synclinal, along the axis of which tho Spiti 
river runs for many miles. To the south-east the synclinal can be seen dying out 
among the peaks overhanging the Manirang pass, whilst to the north-west it may 
be traced for about ten miles beyond Dhankar, the bottom of it rising higher and 
higher and fading away in the mountains on the right bank of the Spiti 

This sharp bend in the strata brings down the upper rocks, and amongst them 
1 observed a conglomerate, in a cliff overhanging the road on the left bank. 
There is about 40 feet of it. The matrix is a brown slaty rook *, and it contains 
numerous pebbles of white, grey and reddish quartisite of imgtilfiO\ rounded and 
Buhangular shapes. The largest J saw was about 4 inches in diameter. 

This rook resembles the Blaini oonglomerate of the Simla area. Qn the con- 
glomerate rests a limestone containing tnumerons fomils, bnt iniAnoh bad preserva- 
tion that none hkve been clearly identified. This wee foitewed in the ascending 

^ Msui if ou the Hght hank below ISnskar. 
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order by a brown sandstone which doubtless belongs to Dr. StoHczka’s carbonifer- 
ous series Then came talus, then slates followed by limestones interbedded with 
slates, and finally massive blue compact limestone (Lilang), weathering blue and 
brown in irregular patches. 

The Lilang limestones which are exposed from this point almost the whole 
way up the valley are very like typical Krol rock. In color, in the thickness of 
their beds, and in oftim containing toi*tuous white calcite markings, they much 
resemble the rocks of that series. As I have described, the Lilang limestones of 
the Spiti valley, and tlie dark limestone seen at the top of the Hangrang pass, as 
both resembling typical Krol rocks, 1 need perhaps hardly add that they also 
closely resemble each other. In the absence of fossil evidence to the contrary, 
I conclude Uiat the upper Hangrang beds belong to the Lilang series. 

I may mention in passing, that I saw the conglomerate again a few miles 
beyond Dankar, on the left bank of the Spiti, a few feet only above the bed of 
the stream. A considerable thickness of a light colored calcareous sandstone 
containing pebbles similar to those in the conglomerate opposite Mani is overlaid 
by a brown slaty rock, also containing similar pebbles. This conglomeratic 
sandstone is composed of grains of unequal size cemented together with carbonate 
of lime and earthy matter exhibiting rusty reddish spots on the fractured surface. 
It appears to have been squeezed up from below the strata at the point indicated, 
having been subjected to great strain and contortion. 

The section from Dankar up the Spiti is described at pp. 26, 33 of Dr. 
Stoliezka’s Memoir, and it appears from the remarks at p. 33 that between Losar 
and the Kunzam pass, the section is a repetition of that described by Dr. Stolicz- 
ka between Muth and Killing. At the point where the road lurns up the Lichu 
valley between Losar and the Kanzam pass, I observed a thick bed of pink lime- 
stone ; but as a storm of two and half days* duration had covered the whole 
country with snow, and inflicted on me a sharp attack of snow-blindness, I was 
unable to explore this locality in detail. 

The slates re-appeared near the Kanzam pass. From the top of the 
pass (elevation 14,931 feet, T. S.), down to Kdtza, a halting place where the 
Chota Shigri river joins the Chandra, they resemble typical Simla slates. Dip 
north-east-by-north. On the left bank at K4tza the dip suddenly changes to 
very high south-south-west, and the slates are more silicious, and some of them 
have a micaceous glaze previously absent. The central gneiss appears with 
the Bara Shigri river, and huge blocks of it fonn a prominent featwe in the 
moraine of the Shigri glacier. As I was making forced marches over heavy snow, 
I oouldnoi linger to explore this interesting ];^eighbourhood, but Dr. Stoliezka 
states (p. 1& of Memoir) that ^^the boundary of tho gneiss and of the overlying^ 
silurito reeks may be seen on a stream north of the Shigri glacier, six miles in 
a straight line south of the Kmunay pass. The Chota Bhigri is probably the 
utrMoi indlofttBd' 

i Vol V. 
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TIio Shigri moraine parsed, the talus of the mountains on the left bonk of tlio 
Ohandra consists of nothing but blocks of central gnoisS) and finally that rock 
itself crops out in 8iiu on the road side. 

The absence of blocks of foreign rocks, I notice in passing, is hardly fayour- 
able to the view that the glaciers of the upper Chandra became confluent and 
flowed down the valley in recent geological times. * 

The central gneiss of the Chandra valley is often granitoid, and is ^Tonetrated 
by the albite granite (Memoirs, voL V, p. 170). It extends to near the top of the 
Hampta pass (elevation 14,000 feet), where mica schists show under ii, dipping 
north-west. Descending into the Kulu valloy the gneiss shows for a considerable 
way, when it is succeeded by mica schists. The dip flat on the top of the pass, 
gradually veers round to west, and this again brings down the gneiss. The dip, 
which is usually low, wavers about sometimes in one direction and sometimes 
in another, being south-east at Jagatsukh and north-east at Dwdra. 

The continuance of the central gneiss in the micaceous and silicious scliist 
beds, up to a mile north of Nuggar, is attested by the presence of angular blocks 
on the rbad side that have tumbled down from cliffs above. From this point to 
Bajaura the mctaraorphic rocks consist principally of a dull brown mica scliist, 
that smells earthy on the fractured surface, and generally does not show any 
indication of mica on its weathered surface. 

The section between Sultanpur and Narkanda has been described by Mr. Mcd- 
licoit (Memoirs, vol. Ill, p. 57), but 1 may briefly note, to complete this sketch, 
that the Sutlej valley limestones suddenly crop up about a mile south of Bajaura, 
and abruptly disappear about two and half miles north of Manglaur, where bclusts 
similar to those desoribed as occurring between Naggar and Bajaura ro-appear. 
The gneiss shows in force several times between Kot and Dulash, and frequently 
from thence down to tho bed of the Sutlej, On the Kotgarh side, tlie dip coin- 
ciding with the slope, it is the only rock seen for 1,900 feet of vertical height 
above the river. From this point to within a few miles of Mattiina the rooks 
consist of schists similar to those suutli of Naggar in the Kulu valloy. 

The “graphitic schists “ on the north side of the Jalori pass^ ara very simihu* 
to rocks seen round Kotgarh, and between tho latter place and the Nogli river 
south of mmpur, Theso rooks puzzle me very much. They are dark carbon- 
aceous schists or slates with a micaceous glaze on them, and by their disintegration 
make coal-blapk earth. They are associated with limestone which occurs in more 
than one place on the north side of the Jalori pass, and a band of which erejm up 
in several places under Kotgarh and along the Sutlej vall^ up to the NfogU 
river. Are these Infra-Krol rocks, lying closely on the crystalline series, or do 
they belong to the latter f Tho former ivould appear to me |)robahle* 

Bnt triihont drtkwing any inference trim these doubtfi^ifOcksi, my oMervatione 

dnring tU imeent end pre^ that, onthetuiirfe^ 

the central gneiss, the upper calcareonc groups cd the gveat aedbAs 

or%inia]y overlap^ the slaty eerhi rested on the 

» Mem. a. 8. 1., tol. HI, pt. A p. W. 
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t>n the top oi Ohandan K^mo pass (close to the Ga station, above Change), 
1 observed a considerable number of rounded river boulders of red quartzite and 
other rocks that do not occur locally. The red quartzite ivas probably derived 
from the Muth beds in Spiti. Beyond add at a lower level, I occasionally met 
with rounded boulders of trap, doubtless from the palasozoic formation of 
that valley (Memoirs, vol. V, p, 20), whilst 670 feet above the Para river, I 
observed numerous horizontal beds of rwer conglomerate. The boulders on the 
top of the Chandan N4mo pass were undoubtedly rounded in the bed of a river 
by the action of the water, and there are no grounds for supposing that they were 
ice boi^e The only explanation that appears reasonable to me is that the bed 
of the Spiti river was formerly as high as the top of the Chandan NUmo pass^ 
which is about 2j400 fcct^ above the present bed of the Spiti river. 

Dr. Croll, in chapter XX of his Climate and Time, and Professor Geikie in 
chapter XXV of Juke’s and Geikie's Manual of Geology (3rd edition, 1872), 
discuss the rate of the erosion of rock surfaces evidenced by the amount of sedi-' 
ment annually carried down by the river systems ; and the rate of erosion at 
which seven rivers specified remove one foot of rock from the general surface of 
their basins is said to vary from 6,346 years in the case of the Danube, and 6,000 
years in the case of the Mississippi, to 929 years in the case of the Po. The rale 
given for the Ganges is one foot in 2,3»)8 years. • 

Professor Geikio takes the proportion between the extent of the plains and 
table lands of a country and the anea of its valleys to be as nine to one,” and 
assumes “ that the erosion of the surface is nine times greater over the latter than 
over the formei* area.” If, adopting this principle, we assume that within the 
mountain valleys of the Gangetic basin the erosion is nine times more rapid than 
over the rest of the basing this would make the rate of erosion over the mountain 
'area one foot in 262 years. 

But the agents of denudation are ttiach more powerful within the river basin 
of the Ganges than within that of the Sutlej. The watershed of the Ganges 
embraces a large area of exceptionally heavy rainfall, rising as high as 524 inches 
per annum in the Xhasi Mils, being *'the greatest rainfall in the world,” 
(Huxley’s Physiography, p. 48) ; and within this area the agents of denudation 
must operate with exceptional activity. The rainfall over the watershed of the 
Sutlej, on the other hand, is comparatively light, being probably greatest at 
Simla, where the average for 15 years, from 1862^3 to 1876*77, was 75'1 inches. 
As you proceed higher up the Sutlej, the decreases, and beyond Wangtu 
becomes extremely light. 

^ Hminiired saerold bsfetssien tbe elevAtSon d the river st heo is feei> end 
at the eeidiimmd the Ghtt river 10^ W Mk, the diatejiee hetimm the two peiote, is«oeured 
el^i^lght SiBiM the imp, hebg IS itoWiff Bs top of the pMi memwd hy my hi^ 
teei tloi ipirMi# bring tbeeed^ have hoon little vnriation from rilwatle 



67 
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Mr. J. B. LyaJ), in his setUexnont report of the Kdngra district (1874), states 
(page 164} that “light showers of rain oooxir*' in Spiti, “in July and August; 
and in winter, snow fells only to the depth of 2^ feet.” As “ 10 inches of snow 
roughly represents 1 inch of rain ” (Huxley’s Physiography, p. 63), 2|- feet of 
snow is equivalent to a rainfall of 3 inches. Even on the assumption that the fall 
of snow on the high peahs and passes is greater than that mentioned hy Mr Lyall, 
the average for the whole of the Spiti valley cannot be in excess of 10 inches iq 
the year, and the bulk of this falls as snow, 

'No hot winds penetrato to tibese elevated and mountain-locked regions to 
cause sjadden thaws ; the clear frosty air is usually without a cloud, and the snow 
“melts gently” (Lyall, p. 162). 

That denudation proceeds slowly in the region under consideration will, I 
think, be evident when we consider that though the Spiti (a tributary of the 
Sutlej) flows over comparatively soft limestones and friable slates, whilst the Sutlej 
at Wangtu has to cut its way for miles through intensely hard granitic gneiss, yet 
the bed of the Spiti opposite Shalkar is still 4,724 feet abore the Sutlej at 
Wangtu,^ the distance between the two points being only 45 miles as the crow 
flies. 

The deepening of tho bed of the ftatlej at Wangtu must be a very slow 
process, but clearly tho excavation of the Spiti valley is a still slower operation 

The fall of tho Sutlej at Wangtu is about 50 feet per mile. 

I think, with reference to the only data wo have to enable us to form a rough 
idea on tho subject, that tho rate of the deepening of tho bc^d of the Spiti at the 
point under consideration is probably not more rapid than 1 foot in 400 years 
At this rate it would require 960,000, or in round numbers say about one million 
of years, ^ for the excavation of the Spiti valley between Shalkar and the Ga 
station. 

At the rate of 1 foot in 400 years, the total depth excavated in 80,000 years 
would be 200 feet only; so that if the last glacial epoch terminated as recently as 
80,000 years ago, the date fixed by Dr. Oroll on astronomical data (pp. 325-327, 
Climate and Time), the Upper Sutlej and Spiti rivers, and the agents of denud- 
ation operating on the slopes of their watershads, cannot have effaced the broader 
marks of the work done by glaciers during that period. If then any great increase 
of glaciation during the Isuat glacial epoch took place in the region under consider- 
ation, we ought to find decided traces of ice sculpture in our Himalayan upland 
slopes and valleys. 

A similar cpnclusion appears to have been arrived at by experienoed geOr 
legists regaivding England. “ Post-glacial denudation generally,’' states Hr. Good- 

^ the at Wangtu, 116 h 6.S()0f«ets^ 

t ttUUtefitbau half by ai^i6l(>rbU average wa find hy a 

dmple pleoa of aHthmetH that St tho rata of dotaidal^oiii which we have Jpft poststatad probably 
atataavoimge^avaUayLODOfeetdeepittayl]^ a padodwhio)^ In 

iffm of enotafafldgtata, wifl mm eh^esotigh^ JtiWt and Qofltta’c MatmiO, p. 461^ 
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child (Q. J. Ot. S., vol. XXXI, p. 99) “has affected so little, that by far the 
greater part of the present sui’faco-configuration has in one way or another 
resulted from the former presence of the great ice sheet.” 

Bearing this principle in mind, I looked around me, during my recent tour, 
for the evidences of former glaciation. I do not know whether any one has 
ever supposed that the Uimalayas were covered during the last glacial period 
with an ice cap, but T may note that whilst I saw nothing to favor such an idea, 

I saw much to negative it. The contour of the hills and valleys in those parts 
of the interior of the Himalayas iliat 1 have visited is sharp and angular, and 
where rounded outlines are seen, they arc sufficiently explained by the action of 
sub-aoriol forces on compai*ativrly soft and friable rocks. 

But setting aside the idea of an ico cap, the question remains — was there 
formerly any great extension of local glaciers, and if so, within what limits P To 
this question I answer that, whilst I saw evidence of the former extension of 
existing glaciers, I saw nothing during my tour to lead mo to believe that tliese 
glaciers had ever, within a reasonable geological period, extended lower than 
11,000 or 12,000 feet above the sea. 

On looking down from a high vantage ground, deep narrow side valleys may 
bo seen on the Upper Sutlej, below that level, in which the course of the streams 
flowing through them is so sinuous that the sharp headlands formed by their 
sudden bends interlace like the nuts of cogwheels working into each other. 
The flow of ico in a glacier being analogous to the flow of water in a river 
and its tributaries, a grand glacier tilling the valley of the Sutlej would not ha\(* 
prevented the flow of ico from the side glaciers into the main glacial stream. 
But had these side valleys over been filled with glaciers, the sharp interlacing 
headlands would have been gradually worn down to smooth surfaces, and tho 
valleys straightened and widened. 

The only valley in the Himalayas I have yet seen that is shaped like a 
glacier valley is tho Spiti valley. The greater part of it is more than 11,000 feet 
above the sea, and its bottom, especially in the upper half of the valley, is broad 
and flat, whilst the bounding mountain sides rise abruptly in a wall-like manner 
at a high angle, and send no sharp projecting spurs into the valley. But if, as 
I think highly probable, the upper portion of the valley owes its shape, in 
part at least, to the action of ice, the period during which a glacier flowed down 
the straight coarse of the Spiti river must have been very remote; for I noticed 
abent hs£c the way up the valley a side valley partaking of tho charaicter of those 
described above ; whilst the flat boulder bed which, in the upper valley, rises high 
above the river, seems to owe its origin in part to the action of the river, and in 
part to talus shot down from the boooding cUffst It is not of glacial origin. 

1 now proceed to note the evidence which I obtained of the former extension 
of glecievs* At the hmA of the^^piti vsllej the Licha river flows down from the 
the Kuhsim pass, into the Spiti* There isprobaUy a glacier 
up tim ride valley crowned by the Snowy peak ^0,$81 feet high, bnt there is now no 
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glacier in the Liohn valley between tlio Spiti and the Kunzam pass. About four 
miles in a straight line from the top of the Knnzam, a spur from the Shilatokar 
peak runs down to tho Lichu river, and an ancient glacier in its course down the 
valley must have ridden over it. The rocks there, at an elevation of 14,000 feet, 
are thinly laminated slates, the dip of which is perpendicular, and the strike of 
which points across the valley at right angles to what must have been the course 
of the ancient glacier. The slates generally break up on the surface in thin 
flaky slices, but here and there long patches of tho rock are woufonuee, polished 
and striated. The polishing is even now sufficiently perfect to obliterate all 
traces of the lamination of the slates. The striee arc well maikod; they arc 
generally in a direction of the axis of tho valley, though they often ci*ohs each 
other at inconsiderable angles. As evidence of foimer ice-action nothing would 
bo more complete and perfect. The splinting friable slate on which this ice- 
action is recorded is the last sort of rock on which I should have expected to 
And it. 

Begarding the recession of glaciers, I note that the Big Shigi-i, as evidenced 
by its terminal moraine, has shrunk somewhat; but in the case of the Pirad 
glacier, the next to tho west of the Bara Shigri, the shrinking is very ovidenh 
The road passes within about quarter of a mile of this glacier, and from either 
side of it a largo lateral moraine may be seen curving down the valley until it 
i‘cnches the river, three-quaritra of a mile, or a mile, from the present end of the 
glacier. 

Again, the head of tho valley, up which the road to the Hamta pass lies, is 
filled by a glacier that extends a little below the entrance to the pass. The old 
terminal moraine of this glacier may now be seen about one and a half miles 
lower down the valley, rising in steep banks some 60 or GO feet above tho tains, 
shot down from the sides of the valley. 

About a quarter of a mile below the Pirad glacier, on tho side of one of the 
moraines, there is a huge block of the central gneiss, well rounded, polished and 
striated on all sides but one.^ The impression I derived from examining it was 
that it must have originally been a boss of rock projecting from tho side or 
bottom of the glacier bed, and that it was ultimately tom away from its parent 
rock and deposited where it now rests. I did not measure the block, but it 
cannot be smaller than 50' X 60' X 60'. One side has been ruptured from the 
block, apparently by tho action of frost on water filling a crack, and its pieces 
rest by its side. 

^ Exclusive ef the side on which it restS^ whlch> of oourie, cannot bo seen. 
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Note on a recent mud sBiTFriON in BImbi Island (AbanIn) by F. B. Mallet, 
P.G.S., Qeologiml Survey of India. 

In the account of the mud volcanoeB of B4mri and Cheduba given in Volume 
XI| part 2, it is mentioned that there is a notion prevalent amongst the islanders 
that eruptions take place more froqucntlj duiing the rains than at othei times of 
the year. The few dates of eruption on record, in as far as they go, do not bear 
out this idea, but the number is too small to generalise upon. 

Were the idea of an increase in activity during certain months of the year 
confined to the unsophisticated inhabitants of these islands, the point might 
perhaps be scarcely worth examination. A greater tendency to eruption at certain 
period has, however, been suspected to exist in some other parts of the world. 
It is stated by Dr. llorsfield, tliat eruptions from the mud volcanoes of Java are 
more violent during the rainy season than at other times, and M. Dubois do 
Montp4reux mentions that out of six eruptions from the mud volcanoes neq^r the 
entrance to the Sea of A^ov, five occurred between February and the 10th of 
May, the only known autumnal eruption having been on the Sth September.^ 
Whether, therefore, the belief of the Arakdn islanders be well founded or not, 
the point is worth investigation. 

In this connection the following letters, which have been placed at the dis- 
posal of the Geological Survey by the Oommissionor of Arakan, are valuable as 
the first contribution towards a catalogue of eruptions sufficiently extended for 
generalisation. It is hoped that we may be able to make such in time through 
similar communications from the Officials of the B4mri district, and others who 
may take an interest in the subject.^ 

From Captain J. Butler, Deputy Commissioner, Kyouk Phyoo, to the Commissioner of 
Arak&n, Aky4b, — No. 35-12, dated the 16th July 1878. 

In compliance with the in^ti notions conveyed in your letter No. 782-165, Geneial Depart- 
ment, dated 22nd ultimo, 1 have the honor to state that the following individuals were 

> Becords, G. S. I., Vol. XI, p. 201. 

9 It will be seen by reference to the paper quoted above, that there are some other points, also, 
connected with the eruptions, concerning which our information is not sufilciently detailed. The 
following list of questions may perhaps be useful as a guide in obtaining information fmm the 
villagen j— 

Informant*! name and village. 

SL Iiooality at which the eruption took place. Name of village, with distance and beatings 
lirom one or two Well-known places. 

8* Date of eruption, and time of day at which it eommenoed. 

4 Was It preceded or accompantod 1^ an^ peroeptlbie earthquake f 

8. Bow long did the eruption laat 7 Did it begin anddeuly, or inmm graduldly in violence, 
nnd did it ond suddenly or gradually t 

6L Were there any flames dihring the arnptlQnF If aq, how high did they rise above the top 
lof the hiU« when largmt, and how they Wiuithedainme<mtintM»iisor Intn^ 

WhiA Is the shape of the hlfi, dWTite height f Was it formed entirely during the resent 
grdtdt«%sgwa«tMftof Isiteonleahohdieliliere aMhof 

d^tbe t0|ti>f K^ee, lyhatSaihedlimtirO^ the hoUow, fti4 dioie it eoatatn mtwl f 
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examined bj tbe Kin Thoogyee, relative to the volcanic emption irbich took place iu bia 
circle«a few months ago, ois. 

X. Kulla^l^ee of Kon-bonng Tau Tillage, 

2. Ya^ba Hkyonng of Pea-lay-na ditto, 

3. Pan Hla Do of ditto ditto, 

4. Tba Htoon Hpyoo ditto ditto, 

3. Tba Htonn Oung ditto ditto, 

6. Ya-ba Oung of IioungJlkyooein ditto, 

knd iiom tbeir collective evidence ibe Tboogyee has communicated tbe following : — 

1. Tbe eruption occuired near tbe village of Peu-lay>na, a spot bearing about 460 yards 
uoitb of tbe above village, 1,000 yards west of tbe Yua Ma village, and i of a mile east of 
tbe sea-shore. 

2. It occurred on the 19th of March 1878, at 7 o’clock in tbe morning. 

3. Ko earthquake occurred, tbe earth meiely cracked, and from the bsbure a bill began 
gradually to rise. 

4. The eruption lasted 11 days, and began increasing gradually day after day, ending in 
tbe same manner. This was asceitained by means of a pobt which was put into the eaitb 
for tbe purpose of watching the height of tbe hillock as it increased. A tew d lys, however, 
l>efore the eruption ceased, the post was found lying some 14 or 15 cubiib distant from the 
place where it bad been put in. 

5. No flames occurred at tbe time of tbe eruption : a lad, however, who happened to be 
close to tbe spot, aocideutaily dropped into tbe cratei a box of matches, when immediately a 
large flame to the height of about 25 cubits above tbe top of tbe hill issued foith, aud which 
continued burning for two days and a night belore it went out. 

6. The shape of tbe bill is said to resemble an inverted boat, and its height is 18 cubits. 
There was previously in tlie same spot a small bill about 9 feet high, and on this bill tbe 
eiuption took place. Tbe bill is flat on tbe top, cracked in several places, and tbe ciaoks 
filled with mud. 

7. The lava or stuffs thrown up wns mud mixed with atones, and the mud thin and 
wateiy ; when first Ibiown out tbe mud was waim. Inside tbe cracks it is very hot when 
tell by the band. Tbe stones were small in size, and were not thrown up much higher than 
tbe summit of tbe bill. 

8. There is anotlicr hill of ibe same kind as this one in tbe neighbourhood which was 
formed over a hundred ^ears ago. 


8. Wm the stuff Ibrown up mud only, or mud mixed with stones ? Was tbe mud thin and 
watery, or thick ? Was it cold, warm, hot or very hot when first thrown out P How large were 
tba biggest stones thrown out, and bow high were they thrown P 

9. Are there any other bills of tbe same kind in the neighbourhood, and if so^ have any of 
them baoa formed during the remembranee of the present generaftou; if so, bow many aud 
when? 

Auy further infonnation will also be aooeptablo. 

« gji^mesm tent to the Oeologiciil Museum wm light grey tnud uoA pSeees of grey sbiile* A 
flsw plaose wexO ved4)ub» doubtless from having been expoa^ tu Mm heat of the flames*^ iWs 
VolXt^pp. 195,201.202. 
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9. The Burmese^ as a rule, are very superstitious in matters of this sort, and generally 
ascribe such a phenomena to the work of a dragon (Nagah). 


Fiom CiFTAXN OsoBGS Alexanpsb, Officiaiinc: Deputy Commissioner, Kyouk Phyoo, to 

the Commissioner of Ai-ak&n Division, Ak)&b,~No. 3, dated Camp E&mri, 11th De- 
cember 1878. 

1 have the honor to submit a farther report on the subject of the volcanic eruption near 
Moo-yin in the island of Kamri, and in continuation of my letter No. 35-12 of 1878. 

The mound first made its appearance on the night of the 18th March 1878 ; at least tlie 
first people who saw it were some women, who went out to cut wood before dawn on the 
morning of the 19th, and came across a mound gradually rising from the earth, and being 
frightened, believing that it was a *'Nagah Doung’*, or hill raised by a dragon, they ran away. 
They saw no fire, nor did they perceive any caithquake. They state that the mound continued 
rising for 12 days, and that it was on fire for a day and a night. Lah Bah Chjoung, the 
writer of the ciitle Thoogyee, who visited the spot at about noon on the day in question, 
says he found smoke and fite issuing tiom cracks in the mound when he anived, but states 
that the surface of the ground was smooth and hard ; that the earth was being forced out of 
an area of about three bamboos or 36 feet in length, and gradually made its way westward 
towards the sea. It appears to he doubtful whether the mound itself vomited fire, or whether 
it was set on fir«3 by a small child with a cheroot ; at any rate it was on fire on the day after 
its appearance, and the fiame burnt for two days, not steadily and regularly, but spurting up 
into the air by fits and staits, for some 20 or 30 cubits ; there was a strong smell of earth-oil 
whilst the mound was on fire, and it is described as having been so powerful and pungent as 
to make the women near giddy ; there appears to have been no active sudden eruption, meiely 
an upheaving of the oaxth gradually. And the villagers state that sticks planted 6 inches or 
a foot ill ther ground in the evening would be found to have been carried considerably west- 
ward by morniog, the first night 14 cubits ; but the distance kept decreasing inversely as 
the days went by. This information is gathered from the women who first saw the mound 
and from other residents close by. 

Diiwtly inland, and at a distfince of some 3(K) or 400 yards from the present upheaval, is 
a conical hill which has the appearance of being one of volcanic origin. The present elders 
of the village state that in the year 1146 (Burmese era), or 94 years ago, a volcano appeared 
which threw out laiige quantities of stones and residue, and graduiilly formed a hill which 
some 65 yearn ago was about 23 feet high, and which is now estimated at about 40 feet high, 
although it is difficult to say where the hill begins, and the top is considerably more than 
this height above the surrounding paddy cultivation. This mound is culled by the Arakanese 
“ Nagah Bwai or dragon’s circle, and has been in active eruption somo four or five times 
during the life of one of the present alders, at a few hours at a time, and the stones thrown 
out on each occasion have caused the hill to increase in bulk. Whenever the eruptions took 
place at the Nagah Bwai hill, the same strong smell of earth-oil was perceivable ; the last 
eruption took place about five years ago. Some of the stones found at the spot where the 
l«at Upheaval of the earth occurred have been collected by myself personally, and as the 
(JMIoers of tihe Qeolcgical Pepartumnt expressed a wish to have some of these stones, 1 for- ^ 
WsM the WMH ^ ^ ^ ^ that influe&esd this pheuopreuou 

^ oatisiVf 

1s> be little rei^ in one Ibrm or another was the 
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On Bbaunitb* with Rhodonitb, from nbab NIgpur, Obnteal Provinces, hy 
F. R. Mauvt, f.G.s,, Ocological Survey of India. 

Some time Bfgo, Mr. W. Ness, Mining Engineer in charge of the Waroi'a 
Collieries, sent a parcel of about 20 lbs. of manganese ore to the Geological 
Museum, with a notice of the locality in which it had been found. It appeai-s 
from this that the ore occurs on the south-east side of Munsur Great Trigono- 
metrical Station, a hill three miles west of the town of Bimtek, which is about 
twenty miles north-east of N&gpun Mr. Wilson, Executive Engineer of the 
Kanhdn Division, who has visited the place, describes the outcrop, which strikes 
north-west, south-east, as being visible for about a quarter of a mile, with a 
thickness of about 10 feet. Mr. Ness, however, is inclined to think that some 
portions ore inferior to the samples sent to the Museum. 

The latter are finely-granular massive, with here and there portions which 
are indistinctly crystalline on a larger scale. The specimens are bounded on two 
opposite sides by planes which appear to be joint-faces, approximately per- 
pendicular to which the mineral is intex^ected by iri*egular, more or less elon- 
gated cavities : the larger of these arc about an eighth of an inch across, and 
some as much as three or four inches long : others are visible only under the lens. 
Many of them are partially, or almost entirely, filled by a translucent, light 
brownish-red and yellowish, indistinctly crystalline mineral, which proved on 
examination to be rhodonite. 

The color and streak of the manganese ore are brownish-black. Hard ness 
about 6*0. The specific gravities of throe different samples wex'e 4* 22, alid 
4*46, the differences (and the inferiority in gravity to that of braunitp in crystals) 
being doubtless partly due to minute cavities. 

On analysis the mineral yielded, counting all the manganese as sosqui oxide, 
according to the formula more usually adopted for bi^aunite — 


Manganese spsquioxldo 

... 

78*04 

79*39 

Iron sesquioxide 


9*78 

9*87 

Lime 


1‘2() 

1*21 

Magnesia 


tr. 

tr. 

Oxygen in excess of that required fin* M* 0* 


1*65 

1*07 

Silica .»• ... 


6*00 

6*06 

Phosphoric acid 

Cm 

•21 

•21 

Combined water , ... 

••• 

2*61 

2*63 

Hygroscopic water 

■ e* 

-60 


Dissenxiuiuaied rhodonite ... 

s «• 

-35 


• 


101*04 

101-04 


The aecoud cojnmn gives the oompoeitiou exclusive of hyp!pmpio moisture 
mi tkodonite* scattered mmute gmiue of which can detected by the 

leue uveto in the moAt homogeneous eiwimens. Being little acted on by 
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hydroohlorio acid, it is left undisaolved, together with gelatinotis silica. The 
excess of oxygen, and the presence of water, show that the braunite is not in a 
pure state, having probably nndcirgone partial alteration. 

The ore oontains 55*27 per cent, of manganese and 6*91 of iron. The main nse 
of manganese ores, however, is as oxidizing agents, their vidne depending on the 
amonnt of available oxygen th^ contain. Pyrolnsite, or peroxide of manganese, 
the richest in oxygen and most valnable ore, contains when pnre 18 39 per cent. ; 
and ores are generally valuated by the percentage of peroxide they contain, or 
more correctly speaking, the percentage of peroxide, to which the oxides they 
contain are equivalent in available oxygen The average mn of ores met with in 
commerce contain 60 to 75 per cent, of peroxide = about 11 to 14 per cent, of 
available oxygen The Ndgpnr brannite contains 9 71 of available oxygen = 52 80 
per cent of peroxide As an oxidizing agent, therefore, it cannot be classed as 
more than fairly good. 

A deposit of the same class of manganese ore was found by Mr W. T. 
Blanford in 1872, at ihe village of Kodaigowhan (near Khappa), 20 miles due 
west of Munsur, Great Trigonometncal Survey. 


PALiKOKTOLOaiCAL NOTES FROM THE SatPURA CoAL- BASIN, hy OtTOKAR PeIST- 
MANTEL, M.D, PalaotUologist, Geological Survey of India. 

In the beginning of last year (1878) I had an opportunity of traversing 
from oast to west a portion of the great Sdtpura coal-basin, with the special 
intention of collecting fossils at certain places Taking as guide the last report 
Mohpini Held. ground' I started from the Gadarwira station, 

Great Indian Peninsula Bail way, for the Mohpdni coal- 
field, of which a brief description was published* in 1870. 

With assistance of the manager of the Mohpdni coal mines, Mr, Manghan, 
I was enabled to collect what fossils were to be got, wbicb to some extent per- 
mitted of a comparison of the Mobpdni coal seams (in part at least) with some 
other known horizon of the Indian coal strata, as given in my recently published 
flora of the Talchir sub-division.* I shall repeat only what is necessary for general 
undbrs^nding in the present paper. 

In the report referred to, the close relation of the Talcliirs and the cod beds 
in the Hobp&ni cod-fleld is pointed out ; and this view seems to be supported by 
the fossils, which bring these coal seams on the horizon of the KArharhdri coal 
beds, which latter were recently shown to belong to the Tdohir division. 

The fossils which I coUeoted were found in a band of shale in the uppermost 
fossil ^ Mohpdni cod seams, which are outcropping in the 

vdley ol tf^te Sitariva riyer, on the right heik of which 
ihe only mines of importance at preeent are situated^ 

« » % ; Urn. ledls, Tot. X. 

^ II. A MMhceHi t gm. (Mi* ffam ef ladls, Tol lit 

4 a 
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The fossile are few in species, aliiliough numerous in specimens, and I could 
observe— 


EquMaeeot stalks, some of whioli, 1 think, are of Srhizoneura ; Gangamopterizt pretty fre* 
qoenl^ both in the original form O, cgctopteroidea, and a'4 a variety, u e>, G, cyeiopteroidet, var. 
tUtenuata, Ghsaopieriz almost equally numerous as Oangamo^tertt, 

This distribution of the fossils appeared to me to he similar to that in the 
3rd seam of the Kaharhiri coal-field, and as 1 endeavour to show in the paper 
referred to that this seam also is to be considorod as belonging to the Karhai*bari 
beds, there wonld be no objection to the Mohp&ni seams being considcrad also as 
on the horizon of the Karharbari beds. 


Section at Modr. 


From MohpAni I moved towards Pachmari, over ground formed of 
Furasttchian erooodile at Mr. Medlicott’s B&gra and Denwa groups. Close to 
Jhirpa. Jhirpa, on the right bank of the Denwa, a specimen of a 

large soute of a Paraeuchian crocodile was picked up by Mr. Hughes two years ago, 
and it was therefore my object to examine the place, if more remains could be 
found. I followed the river for some distance in north-western and western direction, 
but not a fragment could be discovered ; so I crossed the Denwa and moved on to 
Singandma, on the road from Bankheri to Pachmari, quite close to the boundaty 
between the Denwa group of rocks and the next lower gronp, the Pachmari 
sandstone.^ To the east of Singandma, about 1} mile, in the gorge of the Denwa, 
the rocks are fully exposed, and a little to the south of 
the village Modr, on the right bank of the river) 
the junction of the Pachmari and Denwa groups is well seen, when it is clearly 
observed that the Pachmari sandstone dips without any unconformity beneath 
the Denwa group with the same northerly dip. From Modr 1 went all along the 
Denwa valley to the north, back to Jhirpa, in search of fossils in the Denwa 
group, but also this time nothing was found. There is only one more locality 
where some organic remains were found in the Denwa group, u e., far to the west 
near Hesla on the road from Shdpur to ltdrsi, where Mr. Medlicott procured 
Plant remains in the some plant romams in a veiy crumbling mottled shale, 
Denwa group. which, after close examination, proved to belong to OIobs* 

oiptens. This is all our palaeontological knowledge df the Denwa group up to date. 

Proceeding from Singandma to the south-west towards Pachmari, the ground 
rises rapidly np to the Pachmari plateau, which has an elevation of 3,481', the 
surrounding hills, specially to the south and south-west^ 
being much hig^r, rising to 4,384' in the Hahddeo hill, 


IVusbuMri sandstone, 


* I may perUps mention, that before orossing the Deutmrivejh near dhi)r|>a, I Was eneainped at 
Matdjhar on the road from CbindwAra to Bankheri, to the south-east of wMeh near Anenl^Dhdiia, 
the«e Is a hot spring with exbalarioQsiifinfiammable gas; it is at the haad Of a smatt oalla whioh 
nsMrei its water fim this spring, whioh Is pretty strong, and the gee eseapes at atsmt ten 
gikmi at the sonroe the water had a tempeiwtttre of Mm this It is oollaetei 

In A sort of a small where it thewed and fri>tn here it peases into the nalW 7t la, of 
eanriS^ In high with the narivea, and rinse to it is a pdn^tlii^e tempte n( Hahddan « 

Jngllaattsndanoe. 
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to 4,31 7* in tlio CMoradeo, and to 4,454^ in the Dhupgarh. Close to Singandma 
we pass from the Denwa group on to the Pachmari sandstone, of which the wliole 
Pachmari plateau as well as the mentioned hills consist. This Pachmari sand 
stone proved, in spite of careful examination, unfossiliferous. 

Proceeding from Pachmari southwards, the road, alwajrs over Pachmazi 
sandstone, leads close by the Mahddeo hill, passing the famous Mahideo cave in 
the northern flank of the hill; from this cave the descent into the upper 
valley of the Denwa is very rapid, down the steep and abrupt slopes of the 
southern side of the plateau. About 1 J mile before reaching the Denwa the slope 
becomes more gentle, and before reaching the police station at foot of the Pach- 
mari range (which is abCut | of a mile from the Denwa) there is a change of 
rocks, i, 6., under the Pachmari sandstone there appear soft, sandy, micaceous 
shales of greenish, yellowish, or brownish-yellowish colour, which apparently have 
Sliales under Pachmari the same northerly dip as the overlying Pachmari sand- 
aandstoiie. Stone ; that this is the case I have found further on. 

Here these shales proved unfossiliferous. Similar shales occur fuither to the 
north-west near Almod and Eorighdti where they were found to contain only some 
indistinct plant impressions. 


In his report on the Sdtpura basin, Mr. Medlicott, speaking of bis Bijori 
Bi’ori horizon horizon, mentions two possibly different bands, of which 

the higher might be distinguished as Almod beds ; and 
it appears to me that the shales which I just mentioned as cropping out under 
the Pachmari sandstone might possibly represent these Almod beds ; because, when 
proceeding further to the south close to the Denwa river, the shales change some- 
what in appearance, they become a little harder, greyish and grey colours 


appear, and they are fossiliferous. In position they are lower than the shales 
mentioned before, both having the same dip. To have a better opportunity and 
more time to collect fossils I crossed the Denwa river near Sangakhera Dhina 


and encamped at Barikondam, where I was also close to the spot where the reptile 
said to be Archegomurus was found in this lower horizon. 


The place whore I collected fossils in the shales lies directly to the north of 
Fowil plants in the Bijori Barikondam, on the left hank of the Denwa river, be- 
horinm. tween this and the police station at the foot of the 

Pachmari range. The shale orOps out at the base of a small hill, on the eastern 
slope of which the road from Pachmari leads to the Denwa river, cutting through 
shales containing fossils. A Uttile to the east of this hill, but still before crossing 
the Denwa rivet (coming from Pachmari), in a small nalla which the road has to 
cross, an instructive section is eiKposed showing the relation of the strata sonth of 
the Pi^hmari range to the Pachmari sandstone, as follows, in ascending order 

ns. Dark'^gtiey carbonaeectm nrioaceons shajes diptung i^orth at about oon*' 

tsining Feriefifaria, , 

micaceous. 

thin^hedded soudstonesi with the same nertherijr dip. 
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Above these sandstones is a series of sandy niicoceous shales, which in this 
place contain no fossils, but which I believe to be the same as those at the base of 
the hill mentioned as on the left bank of the Denwa (north of Barikondam) 
where T obtained fossils ; above these sandy shales is a l^d of fine earthy bluish- 
grey or reddish-grey shales with plant fossils. Above these there would come in 
the sandy micaceous shales which I mentioned before as immediately below the 
Pachmari sandstone, and then these sandstones themselves, all apparently with 
the same dip. J obtained the following fossils from these localities : — 

a. From the base of a small hill on the left bank of the Denwa river north 
of Barikondam in brownish-yellow, greenish -yellow, sandy and earthy micaceous 
shales which do not spht regularly; the fossils are plants only and very 
fragmentary— 

Olossopteris communis, Fstm. 

Qlostopierut with horizontal broad meshes (called in manuscript Gl. damudica), 

QlossopUrig, another form with distinct polygonal meshes, which form occurs also in tlio 
B&niganj group of Bengal, and which will bo described as ret if era. 

Pecoptcris comp, anynsta, II. (Merianopterie angusia, H.). This species occurs in the 
Trias of Europe. A foim of the same genus is known also fiom the Riiiignnj gi*()iip. 

Vtlcsonia (comp. Concinna), a form which appears to me to be the same as that found by 
Mr. Hughes in the Itaniganj group of the Jheriia coal field, and figured by me In 1877.^ 

5. To the east of the place just mentioned fossils were found, as already stated, 
in fine earthy light grey, bluish-grey or reddish-grey shales which appear to me 
to be above these shales. The fossils were — 

Squisetaceous stalks, of which some may belong to Sohizoneura, as this genua was found in 
this horizon. 

Vertehrana indie^t Boyle s small specimens. 

Glossopterh predominant ; different forms. 

Gloseopterit comnmnie, 

Gloatopteris indica, Schiinp. (one specimen with little oblong marks as if indicating the 
fiori). 

Gto 89 <^i 0 ris with broad horizontal meshes {Gh damudica), 

GlossopierisUpioneura, Bunb. ; narrow leaflets. 

Gangamopieria, a form with small roundly ovate leaves. 

A round winged seed of the genus Samaropaia, Qdpp.,^ much resembling Heer’s Samarepz 
rotuftdaia-* 

Some other smalt seeds, not winged, resembling very much seeds of the same kind from 
Bamuda mcks in Sonth Bewa» collected by Mr. J. G. Medlicott. 

these fossils collected l^- myself, there -^trere seme other spedmens 
Other feeiil pluite in the from the same district in mt oollectioiu. One lot of 
Sarvegr eedieeiimi** about fifteen specimens was labelled, " Upper Denwa 

fffffiir Bssikondaili;'’ the fossils are plant impressions in an easthy’reddish 

» Bee. Qeeli. fisw* »* ladle, Voi %. 

t JVwel««Mai««<((«M^«»eMMH»eee«tMlsp«wn(e,«»^ » 

I Beset flam iMdfieaiKtiee, Vo^lV} 
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shale, and there is little doubt that they come from a similar bed of shales to that 
mentioned before as above the sandy micaceous greenish-yellowish shales with 
fossils. They comprise— 

Fshn The same form as in the Biniganj, Jherria* and Hingir 

eoal-fleld. 

Qlonopierte eonmunia, Fstm. The same form as in other places. 

Besides these there is a single specimen labelled Denwa naddi, Pachmari.” 
It contains— 

Tntypta vpecxota^ Royle {Sphenop^yUnni trutvgxa, Ung ), which chiefly occurs m the lUini- 
ganj ooal'field (Kilnignnj group), in the Talchir coal field (Baidkar group), and is doubtfully quoted 
from the Damuda rocks at Ponkabdri. 

There is no doubt that this specimen also comes from this fossiliferoiis zone 
of shales in the Bijon horizon in the Upper Denwa valley. 

If we now consider the fossils mentioned above as coming from the Bijori 
horizon in the Denwa valley, % e , Schizoneura gondwor 
se^^the^^im^hi*Udm^^ Fstm, Trizygiaspect08a,B>ojlo, Vertehraria ittdicch 

group. Royle, Olosaoptens in various forms, Pecopteris angusto^ 

* H , etc , we find that all these occur edso in the Rdni- 
ganj group in Bengal, so that the fossiliferous band is correctly considered 
as representative of this group in the Sdtpura coal basin, in which case those 
sandy micaceous unfossiliferous shales immediately below the Pachmari sandstone, 
and the beds of the same position near Almod and Rorighdt (which have been 
distinguished as Almod beds), would perhaps represent the Panchet group of 
Bengal, this the more if we consider the close relation of this group in Bengal 
with the Rdniganj group, and the much smaller number of fossils in the former 
than in the latter. 

I made also a search from Barikondam to the west, at and round the spot 
Archegoaimms in the where the said Archegosaurus was picked up by Major 
Bijori horizon. Gowan but no trace of any fossil was found in the 

Bijori sandstone. 

Fine earthy sandy-micaoeous greenish^yellowish shales were obserred^ as 
Shulei at Almod and Bo- already mentioned, near Aimed and Borighdt; exoept 
indistinct marks, they were found otherwise unlbssiU* 
ferouB, and they' appear to be the same as those mentioned before as iinme** 
diatdiy underlying the Pachmari. sandstone, 

further to the wesi^ howevar, on the road from Borigbdt to Shdjmr (by 
ytbmts bftwawa tUeigiidt Hawi-pAl% JThnU, *o,), albont fire miles from this pli^« 
ins X found % a aome shales containing plant 

► " 

1 vaatt 
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They are dark greenish-gi^^ rather hard, elightly mieaceone. The foesile were 
not many, bnt sufficient to indicate the horison. 1 collected^ 

Behizmmr^i Fiitm. One leaf. 

Vertebraria indiea, Boyla The more branched thinner form, like that in the Kdmthi bede of 
, the Bdniganj group. 

OtompUris leptoneura, Bnnb. 

Olotsopierii, another species. 

The fossils of this locality agree therefore with those mgntionecl before from 
the Denwa Talley, and can be like these considered as on the horizon of the 
Bidniganj group. 

The next observations were of the Damnda rocks and ontoropping coal seams 
Sh&pnr coal-field neighbourhood of Shdpnr. A full report on this 

field was published by Mr Medlicott in 1876 ;* my object 
was directed to the examination of the outcrops for their fossils. 

In this coahfield also, like in that of Mohp&ni, Mr. Medlicott points to the 
close relation of the coal beds (Barakar group) to the underlying Talchirs 
(2. 0 , p. 76), and this conclusion from stratigraphical grounds is perhaps also 
supported, partly at least, by the few organic remains. These are again plants 
only, and 1 think they partly show ihe existence of ropi’esentatives of the 
Karharbdri beds, indicating the close connection of these coal beds with the 
Talchirs. 

I first visited the ontcrops in the Mochna river, north-east of Shdpur. The 
coal props out at two places ; in both some fossils were found which tend to indi- 
cate two horizons. The more north-eastern outcrop is close to the village Mar- 
. dAnpur, in ihe river bed ; there are two ontcrops running 

a npnr ou rope. parallel, one on the right and the other on the left bank 
of the river, but only that on the right bank appears of any importanoe, and when 
I was at this place a very primitive kind of mining (digging) was going on on 
this outcrop. 

The dip is 30®, to north-west-by-north. This lower outcrop only was acces- 
sible for examination. The whole outcrop (shales included) measures 4 to 6 feet, 
dipping under white, open and rather coarse-grained sandstones. The coal iiself is 
at this place not thicker than about 2', being overlaid by coaly shales and under- 
laid by* grey sandy shales, and in the coal itself there is a good deal of tirhat is 
called fibrous anthracitoi 

The fossils at this place were very scarce ; I found in the coal imprsssions of 
„ Vertehraria^ and also in the underlying shales some 

** impressions were observed which appeared to me to 

behmg to the same genus. 

From these outcrops to the souili-west up the ritm ^ other outcrops 

^ ^ westHmuth^wcst oi Kotmi. The 
^ ^ outcrop here pseses from east to west ecross tfie river, 


Uaidfiiinir outcrop.. 
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and is better exposed on the Ifeft bank. The strata dip north^east-by •north, at 
about 15®. The sequence of strata on the left bank is the following (in descend- 
ing order) 

a. Uppermost sandstones. 

5. TeUowish-brownish^groy sandy sliales. 

c. Grey earthy-sandy shales with plants, 

d. A band of veiy fine earthy carbonaceous brownish-black shales with 

pldn^s They contain also much pyntes. 

e. The coal seam about 2 to 3 feet thick. 

/, Shales and sandhtones paitly already in the river. 

On the right bank there appears under these sandstones another bed of 
carbonaceous sluiles ithout coal. Fossils occur in the upper part of both these 
outcrops. 

On the right bank I found m the grey sandy shales — 

Qtohsopfens, fragmentary, and 
JSoggeraihofhia ijixslopi fingnients. 

On the left bank were found— 


a. In the black shale immediately above the beam— 
Olassopterh, fragmente. 

Oangatnopterxs and Noggeraihiophts, 

h. In the sandy grey shales above-^ 

Sqmsslaceons atnlk. 

Olofsopierh eofnmttms, 

Oangamopfert^ ctfclopierolde^ Fstm , &rvora] i>pO( imons. 
Nlggerafhtopa^^ hxshpu 
Hume Biuall sceda {Carpohihe^), 


Here, therefoi^, were found more fossils than in the Mai’danimr outcrops, and 
they perhaps indicate the horison of the Karharbdri beds. 

From here I went to see the outcrops in tlio Tawa river near Tcmni (on the 
Tomni outcrops. peojdc Called Temru) ; no fossils Were 

found in the shales, which ap{>eared to me to have a 
resemblance to Talchir shales } they perhaps represent^ as Mr. Medlicott {L c., 
p. 80) suggebts, the outcrops at Kotmi. 

Jn the outcrops noi-th of ghdpur in the SuW river before it falls into the 

OntoM* 10 the SoU. »tad frogmentwy foMib wei* 

fon^a. AB the lo>wer bads of oftrDQnBoe<;>B8 shkla^ 
I <o«Bd fMtgments of KqnUeittOSWin etsflEs and of NSggeirrahtopHt, vaA ihtbeiarad^ 
ona « fiwgment of liogqen!lt}t!<ip0h<. Tbs beds dip to BO»ih4sat-'l^>«ora W> 

TbPB is BO diteci iiidieati^*lbir a comparison of ibsne DUtetops wltili of 
itte oilwnb fhie fossils being so oM)' wnree, exoopt pSrhaps Isom tbs poiririoB slHitli 
ihs onbVHiiB in tbe fiboum naM (now Son4d»). '' 
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About nine miles south-east of Shipnr there are other outcrops in the Tdwa 
DoMri outcro river near the villa^ of Dol^ri. Going from DoUri to 

the riyer and passing down it to the east, we meet the 
first (or lowest) seam No, 1 ; it is underlaid by sandstonesi and the following 
rocks are seen — 

a. Brittle, sandy, greenish grey micaceous shales. 

h. The coal seam about 2! thick at this place, the coal, however, brittle and 
fall of the fibrous anthracite. 

c. Thin-bedded shaly sandstones. 

d. Thin sandstones again up to the next seam. 

No fossils were found in this outcrop. 

We pass then from here eastwards over sandstones which become thin-bedded 
and shaly, until carbonaceous shales of 4' — 6' appear, without coal ; above these 
shales some sandstones, and then again dark-grey shales are seen, under which lies 
the seam No. II, which, however, was then covered ; but I saw at Dol4ri some 
old heaps of coal, which was said to have been dug from this seam. In the out- 
cropping grey shales some fossils were found, although very fragmentary — 

jEqu%setaceou9 stalke. 

Oangamoptens cyclopier Met, Fatm 

Olosaoptent, 

hbggeraihioptit hislopit Bunb., sp. 

These fossils, although very scarce, yet perhaps permit of a comparison of this 
outcrop with that near Kotmi, and consequently also with the Karharbdri beds. 
Here at Doldri, however, all the outcrops are so close to each other that they may 
well be considered as representing all the same horizon. 

The Illrd outcrop (to the east) was almost entirely covered by river sand. 
I procured only with great trouble a piece of coal which was pf very inferior 
quality ; but the thickness of the seam could not be ascertained. « 

The highest and last outcrop, the lYth, to the east, is exposed to some extent. 
On the underlying sandstones appear thin-bedded carbonaceous micaceous shales, 
with fragmentary fossils, then the coal seam about 2! thick (at this place) ; then 
shales and sandstones. The only fossils I^could observe were fragments of a 
OlosBopterie. 

As the last to be mentioned are the outcrops about eight miles to the north- 
west of Shdpur in the Bhoura naddi (also Suk-Tdwa), 
^tcrops itt the Bhoura ^ village Sonada. There are several outcrops 

i near on . three quite close to each other in the northerly bend of 

the river at the village, but they are much concealed, and no fossils could be pro- 
cured. It Would, however, not appear improbable that some of these outcrops at 
Sondda reproflent those in the Suki river north-east of Tekripura. 

On my return way from Sh4pur to It&rsi (Great Indian Peninsula Bailway) 
I mikde a search round ICosla intheDonwa group. I thinks found the decomposed 
mottled shales from which Olo$ 90 pteris had been procured i but to my regret failed 
to find any fossils. 

h 
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I may now mention that all these sedimentary rocks of the Sdtpnra coal- 
basin (sonth of the Karbada) constitute an unbroken series of beds of the Gond- 
wdnn system from the Talchirs (the lowest) to the Jabalpur group (the highest), 
all being generally conformable, or very nearly so. The Jabalpur group, the 
BdgrarDonwa group, and the Pachmari sandstone form the upper portion of the 
Gondwdna system, while the beds from the shales immediately under the Pach- 
mari sandstones down to the Talchirs constitute the Lower Gondwanas. 

The Lower Gondwanas in the Sitpura basin can therefore perhaps be 
classified thus — 

a The shnly beds hnim (linltly below the Pach- Probable representativea Pancholsub-dhision^ 
marl Ranclsfone houth of the Mahildoo hill of the Panebet group, 
near Aimed and lloiigbdt; aoft, earthy and 
sandy micaceous filuilcR, grecnish'yellowish, 
with indistinct plant remains. They may, 
as proposed Mr. Medlicott, well be dis- 
tinguished as Ahnod beds. 

d. Mr. Medlicott^R }3ijoiI horizon. Sandstones Pepresent the Kamthi- Damuda sub-division. 


with slialcR, some of them carbonaceous and 
fossiliforous. 

lUniganj group. 


r. Mr. Modlicott*8 MotOr horizon ... 

Ironstone shale^s ? 

Ditto. 

d. fiarikars : some of tbe coal-beds in the fih&* 
imr coal-field. 

Bar^kars . . . 

Ditto. 

c. Karharhkrl beds in tbe Molipdui coul field and 
some* of the seuins (near Kotmi and Dolan) 
in the Sh^pur coal-field. 

Karbarb^ri beds 

Talchir sub-division. 

f, Talchir group in the Mohpiiii and Shapur 

Talcbir group elsewhere 

Ditto. 


coal-field. 

I may add at end the relations of the several horizons as regards their 
fossils — 

a, Jabalpur group : fossiliforous, plants only, of middle jurassic type (but also 
Gloe^opteris from the Sher river), 

Bagra group (H. B. Medlicott) * no fossils known at present. 
e. I)enwa group : a scute of a FarasucJiian crocodile from near Jhirpa (on 
the Denwa river) and some plant fragments iGlossojpieris) from near 
Kesla. 

d. Pachmari sandstone : no fossils known at present, 
s. The shales immediately below tbe Pachmari sandstone : indistinot plant 
impressions (Almod beds). 

/. Bijori horissou ; sl^iales with stalk remains ; stalks, SoMxth 

neuro, OheeoyMe^ 

In tbe semdstones was a portion of the skeleton of a reptile* said to be 
g, Slotdr horiapn : no fostils known lap to date. 



?iET IJ IIugh€9 : 8(aih(ic9 of coal imporlations into India, b'l 

h, Bardkars : Bome plant renaainH in the Shapnr area (Olossojjteris and Ndg 

gerathiopsts), 

i, Karharbdri beds : in theMohpdni coal-field and in the Shdpnr area : Equi- 

setaceous stalkS) OangaA/iopteriSf Qlossopto U, Noggerathiopsls, 
h, Talchir beds : no fossils found in this district 


StATISIICP of OOAL IMPORlATKtNS INTO INDIA, hy ThRO W H. HdGHFS, Geologiral 

Survey of India. 

In tho leisure of my leave on furlough I have attempted to gather some parti- 
culars on the Indian imports of coal and coke, wliich will, I think, bo of inteiest 
and perhai^s of some little value to those readers of our Records who ore 
concerned about the mineral statistics of India. I had myself so often experi- 
enced the want of some readily accessible reference, which should contain in a 
connected form information on this subject, that I was emboldened to uiideifako 
tho task of arranging such data as I could bring together, by tho knowledge that 
I should be relieving others of that want. For a largo portion of the details 
here given, more especially those relating to tho earlier years, I am indebted to 
various abstracts and repoi'ts published by the Board of Trade and placed at ray 
disposal by Mr. Robert Hunt ot the Mining Record Office; for the rest, I have W 
acknowledge my obligation to Mr. Charles Frmsep of tho Statistical Department, 
India Office.^ 

The annual consumption of fuel for soa-going and river stearaors, for rail- 
ways, for factories, and for other pui'poses has within tlio last year or two grown 
to something between 900,000 and a million tons, and of this amount it may be 
roughly said that one-half is foreign coal. However much this circumstance is 
to be regretted by those who are interested in the development of our own fields 
of supply, there appears to mo to be small chance of a diminution in tho ordinary 
rate of importation until native coal is lightened to some extent of tho heavy 
burden of charges imposed by land carriage and by freights, so that it may 
compete on more favorable terms than at present with its rivals at the western 
ports of the Bombay Presidency, and those of Madras and Burmah. Our three 
principal coal mining districts, Rdniganj, Karharbari, and tho Wardha valley, 
are so situated that tho item of railway transport alone — oven in the case of the 
two more favourably situated fields, the R^niganj and tho Karharbari — ^trebles 
land quadruples the actual costs of the coal by the time it roaches a port for ship- 
ment ; and it utterly prohibits the sale of the produce of the Warora colliery 
(Wardha valley) within a distance of 200 miles of Bombay. 

Beginning with the year 1853, the shipments of coal and coke to India were 
48^562 tons. Sinoe then, after the lapse of a quarter of a centuiy, they have risen 
to 609, 7$5 tons. The ratio of increase has not been by any means steady : wars, 

1 Without Mr. Ihriwp** swktsnee I should have found my imdeitaking a more tedious affair 
than I at first imagined it. The labor involved in dealing with figures is very inadequately 
reprenentod by the printed apace they occupy. 
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ramonrs of wars, famines, and improTed home freights have always exercised an 
irregular influence ; as during the past two years, the importation haying jumped 
from 399,887 tons in 1876 to 539,583 tons in 1877, and to 609,735 tons in 1878. 
Had not disturbing causes, such as the Madras famine and the anticipations of 
war, been at work m 1877, it is probable that the imports of coal for that year 
would not haye amounted to more than 420,000 tons , and under peaceful con- 
ditions, the figures for 1878 would haye been considerably loss than they actually 
were. Our main supply of foreign coal has hitherto been derived from the 
United Kingdom, the contributions fumibhed by other countries, with the except* 
iion of Australia and France during spasmodic periods, being insignificant The 
tonnage of imports for all India, from all countries, commencing with the year 
1853, is as follows . — 


Table I . — Imports of coal and colce to India from 1853 to 1878. 




1853 

Coal and Coke 

48,662 



1864 


n 

68,410 



1866 


It 

41.987 



1856 


II **• 

76,712 

•< 


1867 - 


M 

82,078 



1868 



92,983 

§ 


1859 


II * • 

99.701 



1860 


»9 • • 

74,263 a. 

I 


1861 


n 

' 

1 


1862 


II 

174,862 h 


1863 


It 

122,722 



1864 


If * 

189,611 



1866 


It 

216, 9S6 


L 

1866 


II ... 

228,419 


■ 

1867 


II 

267,662 e. 



1868 

Coiil 

868,618) 

886,331 




Coke 

16,713 ( 



1869 

Coal 

Coke 

884718) 

16,808] 

818,926 



1870 

Coal 

Coke 

,. 816,933) 

,. 21,088) 

337.023 

1 


1871 

Coal 

Coke 

.. 269,3961 
. . 16,784 r 

286,180 


1872 

Coal 

Coke 

... 861,960) 

... 12,224 ] 

... 810,266) 
14,378] 

874,184 

1 


1878 

Coal 

Coke 

824^648 


1874 

Coal 

Coke 

. , 854^281 > 

... 6.672] 

869.908 

1 


1875 

Coal 

Coke 

... 860 261) 

... 6,288] 

866i,6S8 



1876 

Coal 

Coke 

. 889,460) 

. 10.407 } 

899.887 



1877 

Coal 

Coke 

... 628,884) 

. 16.148 ( 

889,638 



187$ 

OcSt 

ms 

s ^ 

... 608,904) 

... 6,881] 

009,786 


(#) %$ areqaiaiiled by the itstimstit ** m Isr y e»u be stated.** 
(h) Xtar this year the teiumt are iiot lor BMagal 

14 fw eleym youtbe oaly. 
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In the following table the quota of eoaU annually supplied by each country is 
given for the years 1870 to 1874 inclusive, but for the succeeding periods to 1877, 
I have only noted the larger contributions. It will be understood that under the 
head of Holland, Mauritius, Bed Sea, Aden, Ceylon, and the Straits, it is transit 
coal ” and not “ indigenous coal ” that has been exported for India 


Tablb II . — Imports of coal to India from various countries from 1870 to 1877. 



1870. 

1871. 

1872. 

1878. 

1874. 

1876. 

1876. 

187.7. 

United Kingdom .. 

801,864 

257,914 

348,726 

287,818 

830,636 

889,821 

869,680 

494,318 

Australia 

12,607 

8,942 

6,917 

1,611 

14,677 

4,652 

6,130 

798 

France 

415 

1,241 

454 

17,902 

5,676 

... 


1,111 

Germany ,,, 

10 



1,613 

1,710 

660 

... 

500 

Mediterranean ports 

... 


.. 

... 

276 

... 

... 

••• 

Holland 


1 

102 

... 

... 

... 

... 

... 

Bossia 




.. 

... 

... 

... 

... 

America 

460 


... 

441 

799 

687 

ISO 

2,146 

Mauritius 

... ' 

103 

... 

... 

... 

... 

... 

... 

Bed Sea 

... 

... 

... 

... 

60 

... 


... 

Aden 

... 

120 

187 

136 

98 

... 

... 


C^lon 

420 

868 

1,386 

218 

207 

••• 


... 

Straits 

... 

... 


187 

74 

... 

... 

... 

Java ... 

... 

... 

... 


... 

... 


400 

Other countries ... 

159 

188 

182 

44 

SO 

... 

... 

... 

Total 

816,936 

269,896 

861,960 

310,265 

854231 

... 

j 

... 


During the last year, the shipments of Australian coal have fallen off seriously ; 
and I think we have now seen dmost the last attempt to force it into the Indian 
market* For the sake of reference, I give the imports for the 20 years ended 
1877!— 

TabZiBi III . — Imports of Australian coal to India from 1857 to 1877. 



Tons. 

%>IW. 

1867 to Brnigtl 

, 2,271 to Bombay 

... 8J.78 

1868 

. 14061 

... 8^ 

1869 

, 4678 
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Table III .-*— of Australim coal to Lidia from 1867 to 1877. — contd. 


Tons 


1860 to Bengal 

1861 (a). 

. 10,008 to Bombay .. i 

... . . 1 

1862 

... 7,191 ... 1 

1863 

... 

1864 

... 13,292 

1865 

6,207 

1866 

. 6,376 

1867 

7,465 

1868 

. 6,792 

1869 

9,257 

1870 

12,607 

1871 

8,912 

1872 

... 5,916 

1873 

. 1,611 

1874 

. 14,677 

1876 

. 4,052 

1876 

... 6,130 

1877 

798 

(d). Ketums for 

Bengal not given for 1861. 


Tons. 

8,112 

L2,045 

5,649 


'To illustrate the dihtribution of the imports to the five groat Pro-vinees of 
India, I have selected the years from 1870 Bombay is by far the largest 
receiver ; the cotton-mills of the city of Bombay and the railways having their 
terminuses there being heavy conbumers of foreign coal In Bengal the railway s 
and nearly all the steam-mills burn exclubively the produce of the better seams 
of the lldnigan] field and those oi the Karharbdri field - 


Table IV . — Iwgorts of coal to different Frovintea of ndia fom 1870 to 1877. 




tsro 

1871 

1972 

1973 

1874 

1876 

1876 

18‘’7 



Tons 

Tons 

Tons 

Iona 

Tons. 

Tons 

Tons 

Tons 

Bombay 

... 

SS9,651 

187,267 

220384 

208,269 

210*543 

219,836 

860,080 

868,937 

Bengal 


48,443 

63,929 

89.776 

48,688 

of 

00 

68,821 

61,091 

76,878 

Bunnab 

*•* 

80,198 

26,731 

39,981 

86,716 

27.071 

33,801 

88,897 

47,770 

Hidra* 

... 

11,648 

9,058 

9,390 

16,618 

26.043 

12,16$ 

20,276 

88,544 

Sind 


1,996 

M26 

1*080 

3,079 

a,4^ 

1,188 

9.637 

7.866 

tiM 


816,986 

269,305 

361*960 



810,264 

354,281 

860,251 

899,430 

688,884 
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Though Aden and Ceylon do not come within the official limite of India, I# 
append the few following statistics for comparison 

Tabltd V. — lm))oits of coal to Aden and Ceylon from 1866 to 1876. 



1666 

1867. 

1868 

1860 

1870 

1871 

1872. 

1873 

1874 

1875. 

1876. 

Ader-* 

Coal 

r036] 

116.572 

106,265 

0> 

H* 

o 

67,646 

87,391 

85,158 

75.569 

? 

74.797 

99,423 

Patent fuel 

VJ.IM 

6.630 

10,462 

15,027' 

13,818 

13,434 

lh968 

13.106 

? 

1 

8,486 

5,951 

Ceylon — 

Coal 

68.174 

86,206 

67,689 

P 

? 

107,r>25| 

62,555 

76,132 

? 

74,083 

i 

81,789 

Patent fuel 

8.679 

2,702 

9.6i7 

4,412 

14,416 

11,436 

1 

6.076 

4.709 

? 


... 



-=- - 



_ _ 


=- 

— -_= 


— 

— 


Patent fuel figures to some extent amongst the imports to Madras and 
Bombay, but the amounts of laic ;years ba'^e been quite insignificant 

IjOKDON, Vfcemhf*^ 1878 


DONATIONS TO THE MUSEUM. 

Two crystals of black toumialino from North Hazaribagh, by Mbssrs.Fornabo 
Bros. 

A collection of fossils (about 1,006 specimens) from Carboniferous, Triassic, 
Jurassic, and Tertiary strata in the Punjab and Kashmir, by 
the late Dr. A M. V®RCHtBii. 


ADDITIONS TO THE LIBRART. 

From 1st Octobbb to 31 sr December 1878. 

TMes of Boohs. ^ Donors, 

Anstbb, D. T.— Water and water^upply (1878), 8vo, London. 

Rnoyclopmdia Britannica, Vol. VllI, 9th Edition (1878), 4to, Edinburgh. 
OiXihMOBII, Q. A.*— Report on the compressive strength, Specific gravity, and ratio 
of absorption of the building-^stones in the United States 
(1876), 8vo, New York. 

Guide dn G^ologiqne k 1 ’Exposition Uaiverselle de 1878 et dans les oollectioiie 
pnbliqnen et pyiyfcs de Paris (1878), 8vo, Paris. 

H. B. KEBUootr* 
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TUUs of Boohs, Donors, 

Heket James.—* iEneidea : critical, cxegetioal, & essthetioal remarks on tke .dSneis, 
Vols. I A II (1878), 8vo, Dublin. 

The Author. 

Markham, C. R. — A Memoir on the Indian Surveys, 2nd edition (1878), 8vo, 
London. 

Dept. Rev., Agric. 4 Commerce. 

Trail, G. W. — An elementary treatise on Quartz and Opal (1867), 8vo, 
Edinburgh. 

R. Ltdeeker, Esq. 


periodicals, serials, &c. 


American Journal of Science and Arts, 3rd Series, Vol. XVI, Nos. 92 — 94 
(1878), 8vo, New Haven. 


The Editors. 


Annalen der Physik und Chemie, New Series, Vol. V, heft. 1 to 3 (1878), 8vo, 
Leipzig. 

Annales des Minos, Series 7, Vol. XIV, Liv. 4 (1878), 8vo, Paris. 

L’admins. DBS Mines. 


A-nTinla and Magazine of Natural History, 5th Series, Vol. II, Nos. 9 to 11 
(1878), 8vo, London. 

Athenesum, Nos. 2666" — 2667, (1878), 4to, London. 

Biblioth6que Universelle et Revue Suisse, New Series, Vol. LVIII, No. 229, 
LXIII, Nos. 248-249, and LXIV, No. 260 (1878) 8vo, 
Lausanne. 

„ „ Archives des Sciences Physiques ©t Naturelles, New 

Series, Vol. LXIII, Nos. 248 and 249 (1878), 8vo, 
Geneva. 

Chemical News, Vol. XXXVIII, Nos. 981-993 (1878), 4to, London. 

Collieiy Guardian, Vol. XXXVI, Nos. 924 936 (1878), fol., London. 

Geographical Magazine, Vol. V, Nos. 9-11 (1878), Roy. 8vo, London. 

Geological Magazine, New Series, Decade II, Vol. V, Nos. 9-11 (1878), 8vo, 
London. 

Jonmal de Conohyliologie, 3rd Series, Vol. XVIII, No. 3 (1878), 8vo, Paris. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 
6th Series, Vol VI, Nos. 36 and 38 (1878), 8vo, London. 
jToumal, wiih Supptenotriv Vol. XLVIIX, Nos. 2246 to 2268 (1878), 
foL, London. 

Vol* XVni, Nos. 468-476 <|878), 4to, London. 

KeueiB G^logie, und Paldontologie, Jahtgang 1878, 

heft B*9 (1878), 8vo, 8tii|tgart^ 
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Titles of Books, Donors, 

Palfleontographica, Band XXIV, lief. 8-5, and XXV, lief 1-5 (1877-78), 4to, 
Cassel. 

„ Supplement III, lief 2-7, and III, heft 2 (1876-78), 4to, 

Cassel. 

Pal^ntologie Fran 9 aise, 2nd Series, Liv. 26, V^getaux, Terrain Juraesique, 
(1878), 8vo, Paris. 

Pbtbrmane, Dr. A. — Geographischo Mittheilungen, Band XXIV, Nos. 9-11 
(1878), 4to, Gotha. 

„ „ Geographische Mittheilungen, Supplement, No. XXXlll. 

(1872), 4to, Gt)tha. 

Quarterly Journal of Science, No. LX (1878), 8vo, London. 

Zoological Record, Vols. VIII (1871) to XIII (1876), 8vo, London. 


GOVERNMENT SELECTIONS, Ac. 


Central Provinces: Morris, J. H.— Report on the Administration of the 
Central Provinces for 1877-78 (1878), 8vo, Nagpur. 

Chief Commissioner, Central Provinces. 

India. — Catalogue of manuscripts and printed reports, field books, memoirs, 
maps, Ac., of the Indian Surveys in the map room of the 
India Office (1878), 8vo, London, 

Department of Rev., Agric. A Commerce. 

„ Clarke, Lietjt.-Col. W. S. — Report on the Administration of the Khasia 
and Jaintia Hills for 1877-78 (1878), 8vo, Calcutta. 

Foreign Department. 


„ List of Civil Officers holding gazetted appointments under the Govern- 
ment of India in the Home, Legislative and Foreign 
Departments on let July 1878 (1878), 8vo, Calcutta. 

Home Department. 

„ Report on the administration of the district of the Naga Hills for 1877-78 
(1878), 8vo, Calcutta. 

Foreign Department. 

„ Report on the Political Administration of the Rajputana States for 
1877-78 (1878), 8vo, Caloutte. 

Foreign Department. 


„ Selections from the Records of the Government of Indie» Foreign. Depert- 
ment, No. 149. Report on the AdmWetration of the 
Ajmere and Hhairwam districts for 1877-78 (1878), 
8vo, Calcutta. 

Forbion Department 
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Titles of Books. Donors. 

Lowjur Provinces.— Report on the Revenue Survey Operations of the Lower 
Provinces (1878), flsc , Calcutta. 

Govcenmbnt of Bengal. 


TRANSACTIONS, PROCEEDINOS, &c, OP SOCIETIES. 


BerIjIN. — Monatsbericht der konig. Prcuss Akademie der Wissenschaften zu 
Berlin, July to August 1878 (1878), 8vo, Berlin. 

The Imperial Academy. 


»» 


Zeitschrift der Deutsohen Geologischen Gesellschaft, Band XXX, 
heft 3 (1878), 8vo, Beilin. 


The Society. 


Boston. — Proceedings of the American Academy of Arts and Sciences, 
Vol. XXII, pis. 2-3 (1878), 8vo, Boston. 

The Academy. 


Brussels.-— Bulletin de la Soci4t4 
Brussels. 


Belgo de Geographie, No. 4 (1878), 8vo 

The Society. 


Buda Pesi. — Mittheilungen aus dem Jahrbuch der kon Ungar. Geologischen 
Anstalt, Band TV, heft 3, V, heft 1-2, VI, heft 1 
(1876-77), 8vo, Buda Pest. 

Thu Ins II nil e. 


Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Vol XLVII, 
Part 1, Nos. 2-3, and Part II, No. 3 (1878), 8vo, 
Calcutta 


The Society. 


>9 


Proceedings of the Asiatic Society of Bengal, No. IX (1878), 8vo, 
Calcutta 


The Society. 


Copenhagen.' 


•Memoires de TAcad^mie Royalo do Copenhagen, 6th Series, VoL XI, 
No. 6 (1878), 4to, Copenhagen* 


The Academy^ 


„ Oversigt over det kdng, danske Videnskabemes Selskabs, No. 1 

(1878), 8vo., Copenhagen. 

' The Academy. 

Dublin —T ransactions of the Royal Irish Academy, Vd. XXVI (Science) A*ts, 
Vols» VLpri, Lit. and Antiquities, Vol. XXVII, pt. 1 
(1876487^, 4to, DubUn* 


The Academy. 
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TUIbb of Booke, JDonore, 

Dublin. — Proceedings of the Royal Irish Academy, Series II, Vol. I, No. 12 ; 

VoL II, No. 7; and Vol. Ill, No. 1 (1877), 8yo, DabUn. 

Ths Agadbmy. 

Glasgow. — Proceedings of the Philosophical Society of Glasgow, Vol. XI, No. 1 
(1878), 8vo, Glasgow. 

The Society. 

„ Transactions of the Geological Society of Glasgow, Vol. V, pi. 2 
(1877), 8vo, Glasgow. 

The Society, 

Lausanne. — Bulletin do la Soci^te Vaudoise des Sciences Naturelles, 2nd Series, 
Vol. XV, No. 80 (1878), 8vo, Lausanne. 

The Society. 

London.- Proceedings of the Royal Geographical Society, Vol. XXII, No. 6 
(1878), 8 VO, London. 

The Society. 

„ Proceedings of the Royal Society of London, Vol. XXVII, No. 189 
(1878), 8vo, London. 

The Society. 

„ Ray Society : Brady, G. S. — A Monograph of the free and semi- 
parasitic Copepoda of the British Islands, Vol. I (1878), 
8vo, London. 

„ Transactions of the Linnean Society, Vol. XXVI, pt 2 (1868), and 
Series II, Vol I, pt. 7, Zoology (1878), 4to, London. 

The Society. 

„ Journal of the Linnean Society, Vol. XIV, No. 75, Zoology, XVII, 
No, 98, Botany (1878), 8vo, London. 

The Society. 

„ Proceedings of the Zoological Society of London, pt. Ill (1878), 8vo. 
London. 

The Society. 

„ Journal of the Anthropological Institute of Great Britain and Ireland, 
Vol. VIII, No. 1 (1878), 8vo, London. 

Madrid. — Boletin de la Sociedad Geographica de Madrid, Vol. IV, No. 5, and 
V, No. 1 (1878), 8vo, Madrid. 

The So<!ibtt. 

Melbourne .•^Reports of the Mining Surveyors and RegistrarE for quarter endiug 
30th June 1876 (1878), flso. Molboume. 

. Government Minino Dvivimmm 
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Titles of Boohs. Donors. 

MBLBOURNB.---Transactions and Proceedings of the Boyal Society of Victoria, 
Vols. XIII and XIV (1878), 8vo, Melbourne. 

The Sooibtt, 

„ Report of the Chief Inspector of Mines, Victoria^ for 1877 (1877), 
flsc. Melbourne. 

The Ministeb of Mines. 


Moscow.^BuUetin de la Soci6t4 Imp4riale des Naturalistes de Moscou, Vol., 
LIII, No. 1 (1878), 8vo, Moscou. 


The Society. 
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ineiUcient management of the mining operations, especially for works of explora- 
tion, by the Narbada Coal Company, within whose property the known field lies. 
The mines were started at or close to the outcrop in the Sitariva river and within 
a short distance, in both directions, the coal was found to bo cut out against 
two intersecting planes of faulting, the calculable amount of coal being, of 
course, limited to what lay in the small triangular area between these pianos 
and the outcrop. There never was any reasonable doubt that the coal did 
occur outside these faults in one or other direction, or in both ; and confidence 
in the resources of the field was sufficient to guarantee the construction of a 
full-gauge branch railway, 13 miles long, from G^idarwara to the pits ; still, 
as time wore on, the urgency of proving the extent of the field became more 
and more pressing, so as at least to be prepared to break fresh ground before 
the original small block of coal-measures became exhausted. 

There were two directions for these explorations : one to the south-east, 
to the dip of the measures, towards the main area of the basin ; the other to 
the north-east, on the local strike of the measures. The objections to the latter 
ground were, that the disturbance of the rocks, already a sufficient difficulty in 
the existing workings, was known to be indefinitely greater to the north ; and, that 
being also the direction of the edge of the basin, there was an extra presumable 
risk of original banking out of the seams. The fear in the other direction was 
that the measures might be let down to an inaccessible depth ; but of this opinion 
there was no confirmation in the outcrops, which are fairly exposed in the bed 
of the river. These considerations were repeatedly, but inefFectually, urged 
upon the mining administration. The ground to the north-east was super- 
ficially the easier to explore, and efforts were chiefly spent upon it, but without 
the smallest success. Borings were also attempted to the south, and even a 
new shaft begun in that direction ; but in no case was the trial carried far 
enough to touch the coal, even at the depth calculated from the dips, without any 
allowance for possible small downthrow. 

When I visited the field in December 1876, in company with Mr. Hughes, 
the uncertainty was still ponding, no advance having been made with the ex- 
ploration, and the original block of measures was being rapidly worked out. 
The trials in other parts of the Sdtpura basin were then in progress, but hopes of 
success were waning, and altogether the prospects of mining enterprise in this 
part of India seemed at its lowest ebb. When in October 1878 the last experi- 
mental trial outside the Mohpdni field had failed to prove coal, the necessity fot* 
a proper exploration of the ground mthin that field became imperative. To urge 
this point, and to see what had been done since the close of 1876, 1 visited 
the collieries in Mai^h of this year. ,, 

; It was said above that, there never ha^ been any valid doubt upon the 
exitonsion of the, seams to the Ek^ath-east; that there was no evidence for the 
Bupppsition of a great fault, the measures down out of reach on 

that side;: still, until the ground Was proved, anxiety could hot be altogether 
ijlayedf^/olh 1-870 (see Bees. Geol. Surv. India, 'Vol. Ill, p, 69), 1 pointed out 
that **the best means of immedikteij testing the southern extension of the 
mieasures is from shaft No. 2,^’ which had been long since abandoned on account 
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of the influx of water when the coal was reached. In December 1876 an 
attempt was being made to fix pumping gear in this shaft ; and the new manager, 
Mr. J. A. Maughan, m. E., who took charge of the mines at the beginning of 
1877, seems to have pushed on this work with vigour, for on the occasion of 
my recent visit, in March last, 1 found that all the coal that was then being 
raised was by this shaft, from workings to the south, extending to about 350 
-feet from the shaft, beneath the covering Mahadeva rocks, and quite beyond 
the presumable position of any great east- west fault. In these new workings 
the main (30') seam is in full force, and also the lower seam. 

Thus whatever apprehension may have existed regarding the supply of coal 
in this field may be laid aside. The condition of the seams in the new ground 
opened by Mr. Maughan gives every reasonable expectation of an abundant 
supply, within a moderate depth from the surface. 

Still the difficulties of the enterprise are not at an end. The evil effects 
of protracted neglect of system and forethought are not to be overcome in 
a moment ; and the o^itput of the colliery cannot be counted upon with any 
certainty until those defects are removed, and a proper system of mining estab- 
lished. As has been already stated, all the old openings, shaft No. 2 amongst 
them, are at or near the outcrop of the seams, so that the coal lies chiefly at 
a lower level than in the shaft ; and the dip of the seam being still considerable 
and variable, the difficulties of raising the coal and of draining the mine in- 
crease rapidly as the work advances. Until a new shaft is in working order 
well to the deep of all the present openings, a large and regular output of coal 
cannot be depended upon. 

Notice may here be given of the concluding operations in search for coal 
outside the MohpAni field, in continuation of that given in the Annual Report for 
1877 (Rec. Ueol. Surv. Jnd., vol. XI, p. 7). The Anjan boring, mentioned 
as then in progress, was carried to a depth of 350 feet (11th May 1878) without 
piercing the covering red rocks of the Mahddeva series. This was the last 
trial to find the coal-measures in proximity to the detached inliors of the 
Talchirs. 

There remained but one position favorable for a trial, and where,^ I must 
confess, I looked with very great hopes for success. It is close to the south- 
east of the village of Baner, or Bendr, at the very edge of the Narbada Com- 
pany’s land, in ground formerly hold by the Sitariva Coal Company, when a 
shaft had been begun, by my advice, at this spot.^ It is less than half a 
mile from the seams in the Sitariva ; an outcrop of coal-measure sandstone (or 
a rock undistinguishable from it) occurs north of the village, and the shaft 
begins in the red covering rock, so that unless the coal dies out within that 
short distance, or some undeteciM unconformity occurs between the forinations, 
there seemed a certainty of striking the coal here, and I recommended to Gov- 
ernment that a boring shonld be put down in continuation of the old shaft. 

This boring commenced on the 24th February 1878, the water and mnd 
having been cleared from the shafts which was found to be 118 feet deep, 

1 flee Rec. Geol. Swv. Ind., VoL IV, p. 6A 
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and the bottom 13 feet, ■which was not walled, consisted of purple clay, brittle 
and falling off in flakes. At 179 feet the red rocks were passed through. 
The dip and the distances from the boundary not being accurately known, on 
account of the covered nature of the ground, no exact calculation could be 
made ; and in such massively*bedded rocks any such calculation could only be 
approximate ; but at a probable estimate of a dip of 20® and a horizontal distance 
of 600 feet, this proved depth and thickness of the Mahadeva rocks is about 
what should occur under the assumed condition of conformity ; and at least it 
proves that between this spot and the boundary there can be no great post- 
Mah&deva fault, with southerly downthrow. 

At 179 feet the boring entered on sandstone, grey and white, felspathic, 
most like the coal-measure rock ; and our hopes were very strong that coal 
would soon be struck, as, in the supposed normal section, it all lies within the 
top 160 feet of the measures. Carbonaceous shale and even fragments of coal 
appeared in some of the samples, but only to delude our hopes, for the boring 
was continued to a depth of 426 feet, or 247 through^the lower formation, 
without any better result, so I recommended the work to be stopped. 

In attempting to account for this section, several conjectures are apparent. 
It may be that the carbonaceous measures passed through are not ^e true 
coal-measures, but only the carbonaceous measures of the middle Mahddeva 
horizon, such as were found at Tundni, eight miles to the west ; but the total 
absence of such beds in the clear section in the Sitariva, within half a mile of the 
boring, makes this supposition the least probable. There is then the possibility 
that within this short distance the coal seams may have died out ; this is the most 
unfavourable view of the ease, and one that seemed unlikely, considering the 
great regularity of the bottom seam in the lower mine, north of the river ; but 
it is a chance that must not be lost sight of in our Indian coal-fields, especially 
in these lower measures; indeed, in this same bottom seam, I have observed 
something very like an original extinction, in the section of the “ new incline,” 
where the coal passes rapidly into a sandy shale, never having come to the 
surface on the rise of the little hill. A third supposition is, that the boring 
chanced upon a band of disturbance, and so passed down between the broken 
and displaced seams. The mixed nature of the samples at and below a depth 
of 326 feet gave some support to this supposition, and it was the one I felt 
inclined to adopt. 

The facts disclosed by the new working at the mines dispose me, however, 
to think that we have here to deal with original features of the deposits. The 
lie of the seams south of shaft Ko, 2 is not quite what would be inferred from 
the outcrops : the strike is more nearly due south ; and in rising to the west 
the ebhl IB stopped out against a steeper slopingi^ee of sandstone. Mr. Hanghan 
has had to de^ with many slips Bind crushing of the seams in these new work- 
ings, but t^ey have aH proved oniv temporary obstmotiohs, save this one on the 
west. : f p p^ye it thoroujghly w Hd a boring put down from the surface at 
a feet west of ihis" stoppage. At 140 feet the red rocks were 

passed here again, ^ at Bmier, this depth indicating the general eon* 

idmity of theg^UpBt Bdow W> bore passed through 270 feet of coal- 
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measure rocks, “ grey post and blue metal/* e., sandstone and dark clay, to the 
total depth of 410 feet, without a sign of coal. We can hardly again have 
recourse to the conjecture of a space between faulted ends of the seams. The 
one supposition that meets all the local facts is that of original limitation. 

I said above that this is the least favourable view to take, as of course if the 
interruption were only due to faulting, the recurrence of the scams could bo 
counted on, whereas no diagnosis of the ground can do more than guess at vari- 
ations of original distribution. I do not think, however, that there need bo any 
alarm on this score for the immediate, or even for the distant future. I cannot 
but think that there must be a great store of coal beneath the Malpi (Mulpee) 
plain, and south of it up the valley of the Sitariva. 


On Ptrolusite with Pstlomelane occurring at Gosalpur, Jabalpur District, hy 
F. R. Mallet, P. G. S., Geological Survey of India, 

The existence of manganese ore at Gosalpur appears to have been known 
for a long time past, and the mineral has been in use to some little extent 
amongst native glass makers in the neighbourhood. It was first brought to 
the notice of Government by Mr. W. G. Olpherts in 1875, to whom wo are 
indebted for specimens subsequently received. Lately, the Deputy Commissioner, 
Colonel Playfair, has again called attention to this ore and asked for infor- 
mation regarding it. Within the last month Mr. Medlicott has visited the 
locality, and reports upon the deposit as follows ; — 

“ The sections available for examination wore very poor indeed, only shallow 
holes, 5 or 6 feet deep, along an irregular line some 20 yards in length, on tho 
outskirts of the village of Gosalpur, at the base of the low ridge on which tho 
dak bungalow stands. The well in the village, from whiclp also the ore was 
obtained, is at a slightly lower level, about 120 yards nearly due cast of the shallow 
pits, but it was not available for examination. I have, however, satisfied myself 
that the deposit is not a vein or lode, and that it has no apparent connection with 
any vein or lode in the underlying transition rocks. It is not, either, a layer or 
bed in the formation in which it occurs, which is laterite, but is irregularly 
distributed throughout this rook in lumps of various shapes and sizes. These 
mostly have a spongy or cellular structure, but some pieces of very compact ore, 
more or less reniform, were found. This laterite is of the older type : at least 
in the exposed sections I could not detect any palpable debris, which generally 
characterizes the secondary or detrital laterite. It is therefore presumable that 
the lumps of ore are innate, an^, that the manganese is an integral component of 
the laterite in this position. The ore in the little pits is at a higher level than in 
the well, which is still in laterite at the water level, 45 feet from the surface, 
and where the ore seems to occur at any level. It is, I think, reasonable to 
conjecture some local source for such an unusual ingredient in so wide spread 
a rock as the laterite; but the underl^g rocks are ^atly concealed by the 
laterite itself, or by alluvium, and; no vein of this mineral ’may be found in the 
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few exposed outcrops : luauganiferous iron ore is, however, known to occur in 
these rocks, more to the north at Mogdla and Jauli. 

“ Although the nature of the deposit is thus more or less obscure, I see no 
reason to doubt that a large supply of this ore may be depended on at G-osalpur.” 

The ore is dark steel gray, finely crystalline, pyrolusite, mixed with a varying 
proportion of psilomclanc. Some lumps are almost free from the latter mineral, 
others contain a considerable amount ; but on the whole the psilomelane is very 
subordinate to the pyrolusite. The exterior of the lumps, and the surfaces of most 
of the internal cavities are more or less coated by oxide of iron. 

A carefully selected average sample of the ore yielded on analysis — 


Manganese calculated at protosesquioxide 


75-86 

Oxygen 


9-96 

Iron, sesquioxide (with trace of alumina) 


4*53 

Baryta 


3-55 

Phosphoric acid 


•28 

Insoluble in hydrochloric acid 


2-74 

Combined water ... ... 


2-41 

Hygroscopic water 


•28 

99*61 


The ore contains 54*G6 per cent of manganese, and 3*17 of iron, with *28 of 
phosphoric acid and no sulphuric acid. It contains 15*26 per cent of available 
oxygen = 83* 00 per cent of peroxide ; as an oxidizing agent, therefore, it is 
of high value, the average run of manganese ores met with in commerce contain- 
ing only 60 to 75 per cent. The percentage of peroxide in the ore, calculating 
all the manganese as peroxide, would be 86'42 per cent., but the presence of some 
psilomelane reduces the available percentage about per cent. The insoluble 
residue is chiefly, or entirely, silica. With reference to the presence of baryta, 
a substance so cofiimonly met with in psilomelane, and not unfrequently in 
pyrolusite, it may be mentioned that baryta in the form of barite occurs in some 
quantity at Imlia near Sleemanabad, 20 miles north-east of Gosalpur. 


A GEOLOGICAL EBCONNOISSANCB FROM THE INDUS AT KuSHALGARH TO THE KURBAM AT 
Thal on the Affghan Frontier, A. B. Wtnne, f.g.s, &o., Oeol. 8urv. Ind. 

In volume X. of the Records, I gave a sketch of the distribution of the 
tertiary rocks in the N.-W. Punjab. ^ In that account, and in the map accompa- 
nying it, the ground immediately along the Affrfdi frontier is omitted. In order 

1 The infomation given regarding Tipper Poniab -geology, by the Geological Survey, being 
ebmewhat ecsttered, 1 may mention that the most Important areas as yet examined will be found 
ipoferred to, besides the abovc^ in Memoirs GeoL 8ur., Vol. XI, pt. 2 (Traas-Indns Salt Region), also 
Qr%. ^ Soc., I#ond« Vol.;xX?S' p*6I,and Vol. XXXYI, p. 247 ; a memoir on tbe Salt 
Bangs, . Mema* Surv. Ind., VoL Xiy. On the neighbourhood of Hurree, Records, Vjol. V, 
pt 1, end Vdt yil,pt 2. On Jam^d hills. Records, Vol, IX, pp. 49 and 166. On part of Upper 
Punjab, BWoe^, Vol. yi, pt. 8. On Khairian bills, Records, Voh VIII, p. 48« On Slrban. 
Hemoirs. Vdi:iX, pit. 
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to fill this gap, as far as possible, taking advantage this season (1879) of my 
camp being on the frontier, after visiting the continuation of the Salt Range 
beyond the Indus, I carried observations as far as Thai. Owing chiefly to 
circumstances connected with the present Afpghan campaign this country, always 
more or less subject to frontier difficulties, presented others regarding scarcity of 
supplies, necessitating a rapid inspection of the ground. 

The whole of the country immediately to the east and south is within the 
limits of the great fringing belt of tertiary rocks which borders, where it does 
not form, the outer hills of the Western Himalayan area (taking this in its 
extended sense to include all the most northerly Cis-A:ffghan mountains of the 
Punjab). These tertiaiy rocks of the neighbourhood embrace the upper and 
lower Siwalik sub-divisions of the newer mechanically formed beds, and also very 
extensively the underlying older tertiary “ Murree group,’* and the eocene 
(Subdthu) limestones ; the two last passing into each other by alternation, and 
the limestones becoming largely developed westwards in the Kohat salt field. 

The whole route from Kush^lgarh to Thai lies in the Subathu zone, for 93 
miles. Ois-Indus, all along the northern margin of the Rawalpindi plateau, the 
country is traversed by what I have called the abnormal junction feature, form- 
ing the inner boundary of the outer tertiary zone ; it is coincident with the base 
of the first high hills rising to the northwards ; but further west, trans-Indus, 
though the same physical relations continue, of lofty limestone mountains, com- 
prising various mcsozoic and eocene groups, bordered to tho south by inferior 
hills of tertiary age, this junction feature has not been examined, because the 
higher mountains at the base of which it should occur are all but entirely occu- 
pied by the v'ild Afiridis, Zhuwakkis, Akhor Kheyls, Urukzais and other Yag% 
or independent tribes, whose country is closed to Europeans by British authority, 
as strictly as Chinese Tibet is by the officials of that region. Discordance of 
one kind or another is the strongest characteristic of this junction feature, by 
some regarded as a line of fracture, by others as an unconformity marking a 
limit of deposition, traceable from the H.-W. Punjab to the Simla area of the 
Himalayas, possibly much further, and analogous to a very similar feature in the 
structure of the outer Alps. It dates from the Himalayan mountain-forming 
disturbance, posterior to earliest eocene times ; and it is remarkable that, although 
some appearance of a transition from the older nummulitic limestone masses 
north of the line into the newer and more markedly nummulitic beds to the south 
has been observed, these newer beds have been but doubtfully distinguished north 
of the junction in the Upper Punjab. The weight of evidence, such as it is, 
goes to show that the upper nummulitics ranging south of the junction were, 
if at all, but sparingly deposited and capriciously distrituted over the region to 
the north ; nor is it at all certain that the nummulitic beds north of the junction 
niay not be but a local developnient of older eocene lin^tones along the inner 
(northern) side of the tertiary zone. 

Ensh&lgarh, where ihe IndxLs is now crossed by a bridge of boats, is the 
locality given for dome mammalian bones and teeth, formerly miscalled the Attock 
fossils, which present certain differences from Siwalik forms, as pointed out 
by Mr. Lydekker in these Records, Vol. IX, pt. 3, Pal, Ind. Series X. 2. The 
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exact place whence these fossils were procured is unknown, and several effoi'ts 
io rediscover it have failed.^ 

The rocks of the neighbourhood are on the horizon of the lowest Siwalik 
or uppermost Murree beds, here quite impossible to separate by any distinctive 
petrological character, a difficulty increased by the scarcity of fossils of any kind. 
The existence of fossil timber, however, which is found in the lowest of these 
groups, though not always present, may indicate the rocks belonging to the older 
group of the two. 

The ground, though open, is ridgy and rugged ; the bods are highly inclined 
to the north or vertical, and run in directions from E. and W., to N. E. — S. W. : 
they include soft and harder greenish and gray sandstones with red, purple, and 
occasionally gray, alternating clays. For several miles westward of the Indus, its 
characteristic gneiss and metamorphic pebbles are thinly scattered over the 
country ; but I was unable to find a single erratic, i, e., travelled block or boulder 
such as are so numerous across the river about Jand, <kc. 

Eight miles to the northwards are hills of nummulitic, limestones of the 
Subdthu character, bent up in compressed folds, and associated with dark shales, 
red clays and gypseous masses. Sulphur and petroleum springs occur, closely 
connected with the upper zones of these limestones and clays, as on the right bank 
of the Indus, near Dandi hill station (where there are appearances of once exten- 
sive sulphur or alum works), or issuing from the solid limestone in the Ungo 
pass. 

About the same distance still further northward, the main inner boundary 
of the Murree and Subd^thu zones is over-slipped by the hill nummulitic limestone 
of Nilabgdsh mountain, which rises immediately north of the abnormal junction 
feature, and includes amongst its beds Jurassic, if not other secondary rocks. 

Westward of the ground intervening between this and KushAlgarh, the 
countiy is apparently complicated, alternations of the limestones with rod rocks 
of Murree aspect, displaying themselves largely in the southern part of the 
Zhdwakki AfPridi hills. 

From Kushdlgarh westward the general surface rises towards the command- 
ing hill of Gurgurlot, the summit of a range which, with the exception of rock 
salt, repeats all the essential points of structure observed in the ridges of the 
Kohit salt field. 

Approaching this hill, the purple and red rocks show much contortion, and 
fold round the greatly disturbed double anticlinal curvature which occupies the 
range, but so misshapen, crushed and twisted that the original simpliciiy of 
structure is greatly obscured. The axis of these folds run from N.-E. through 
S.-W. to a westerly strike. Just north of the Gumbat pass another ridge 
of nummulitic Umestoue includes, between itself and Gurgurlot, a set of the 
dark purple and red sandstone land day beds of the Murree group, as a synclinal 

^ to be specially uaoo^ifion among tbe be^ of KusMlgarh, perbaps all the 

mote ^ occtin^ace in nuinbers in some loeiit layer* Such afituation Is said to have 

been lotmd several yeSrs d suilos w^t of the village, in a cutting fbr the Kohdt road, near a 
Hty or watch-tower. 
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fold. The veiy lowest of these, at their contact with the last-mentioned limestone, 
contain bones. Rib bones and fragments only were found, but unfortunately no 
teeth. The occurrence of these so low in the series shows, however, that the bone 
beds of the Punjab are by no means limited to the upper ( 9 r Siwalik) groups. 

It is on the souilLem side of the Gurgurlot range, at Koteyri, that an extra- 
ordinary example of complete inversion occurs, placing the eocene limestone 
for a width of more than a furlong above the next newer group of sandstones and 
clays (see Trans Indus Salt Region, Mem., Geol. Sur., Ind., Vol. XT, pt. 2, p. 20.) 

Besides the ordinary succession of the salt region tertiary beds, bands of 
liniestone here appear in the gypsum, having the curious structure called 
cone-in-cone, very perfectly developed. 

The general succession observed in and near the Gurgurlot range is as 
follows (in natural order) 


Lower Siwalik 
Murree beds 

Eocene Sabatbu 


f 5 Soft greenisb-gray sandstones, with bones, and red clays ; the sandstones 
I sometimes conspicuously massed together. 

4 Purple sandstones and bright red or purple clays* 

{ 3 Alveolina and other fossiliforous Umostones. 

2 Red clay zones of the Salt Region to tho south. 

y Gypsum in massive beds and masses, with layers of dark flaggy limestone 
and dark grayish clays. 


Some of the springs on the southern side of Gurgurlot are said to be saline, 
more so at times than at others. The range declines to the westward, being con- 
nected by lower limestone ridges with the higher ones of the Bangdsh hills. 
Both the latter and the low ridges mentioned expose here and there, interstrati- 
fied with the limestones, clay and sandstone bands, having entirely the ordinary 
aspect of the Murree beds, but sometimes including coarse sandy calcareous layers 
enclosing nummulites, or bands of olive clay. An alternation of this kind is seen 
at the little pass on the Kohat road north of Lachi. 

In the neighbourhood of Gumbat the low ground seems to have been eroded 
chiefly, if not entirely, from the sandstones and clays of this part of the lower 
tertiary rocks ; and in every escarpment of the surrounding country, the red 
rooks are seen to underlie the limestone portion of the ridges. This appearance 
is as strongly seen as anywhere along the northern side of the Gurgurlot ranges ^ 
yet when followed eastward through the Gumbat pass, these red rooks are plainly 
resting upon the limestones. 

Accepting this as the normal order, it would be easy notwithstanding 
appearances to suppose the limestone in all cases, or -nearly all, the oi^est rock. 
But fmtiber 'treet this is found not to be the oaso, several alternations of the 
limesiioneB and sandstones of difEerent thicknesses taking plaoe $ So that it becomes 
exceedingly ^fiOioult to And the true positions of these Emastoues and red rocks 
vdbaiu t)b seertione aie isolated or 

to !Btoh4t the road pe^^ea for 8 mibs thx^Uj^h an Open earthy 
or stony «a»uniry of elluvial flats, terraces, aod 

low^ tertiaiy sandstone and days, or limestones ^ the Gurgorlot range lies to, tho 
south, and the rugged hilb of Zhfliraldd land are appin^^ to the nor%^ 
ing long edges of limestone cropping out above the red jUurt^Hke rocks. , 
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Nearer to Eoh&t, about Billotang, low barren limestone bills are entered, 
showing many undulations of the beds at all angles up to vertical, and several of 
these again exhibit the same alternation of the limestone, sandstone and red 
clays. A low ridge from these hills stretches towards Koh&t, in front of the 
lofty and highly contorted or partially scarped limestone mountains of the 
Affrldis, crossed by the hired pass from this country to PesMwur. 

The remainder of the distance to Kohdt (15 miles from Grumbat) is through 
flat irrigated country ; but in the ascent from the station to the pass just men- 
tioned, dark arenaceous and rusty impure limestones, containing Jurassic and 
cretaceous fossils, are folded amongst the dark gray nummulitic limestones of the 
hill type ; and the line of abnormal junction traverses the country from east to 
west along the southern face of the AfEridi hills. Further north, within the pass, 
much of the gray limestone everywhere visible may be of triassic or at least 
mesozoic age ; a sufficiently close examination to decide this was prevented by 
political reasons at the time I traversed the pass. 

At Kohdt one is close to the frontier, the much folded and contorted 
limestone wall of the Affridi mountains, rising abruptly from the northern 
side of the Bang^sh, or Kohat Towey, valley and attaining greater elevation 
as the mountains run westward. The station is built upon a stony rising 
ground, one of the many fan-like accumulations of subaerial detritus at the 
mouths of the mountainous valleys of the Upper Punjab^. The situation, the 
vicinity of a mass of limestone mountains, and the presence of coarse stony 
superficial deposits, are all favorable towards the existence of the remarkable 
springs which occur here ; a large one, over which a musjld has been built, 
sends forth a perpetual great stream sufficient to turn the wheels of several mills, 
and to water the whole station. Looking towards the BangUsh valley, famous for 
its fruit trees, its limpid streams, and the cutting cold wind which blows 
down it on winter mornings, the high mountains lie to the north, and a long 
ridge, also of limestome, terminating eastward in considerable rugged emi- 
nences, closes it in on the south. This southern ridge is of fossiliferous 
upper nummulitic limestone, overlying a thick band of such gray sandstones 
and red clays as are common in the Murree group, the whole dipping rather 
steeply to the south. The only spot at which the northern limestones could 
be inspected was near a group of ruins, some 4 miles from the station, perched 
nearly on the top of a minor spur. The limestones here Tfere found to 
contain dark and rusty beds distinguishable even from the road, amongst 
which Bilemmtee and fragments of other cretaceous Cephalopoda (as deter- 
mined by Dr. Waajgen) were obserred. The beds as usual appeared to be lold^, 
but from a distance the whole face of the naoontains presents sufficient of a 
nortiherly dip to give them n.* decidedly scerped appearance. Here also ^ 
Mound the ordinary features of of almornial on one aide nunt- 

mnlitip Sm^to^es interstrati%^^ red beds of the older tenijiary aspect; and 
;on, /baid.; inpludii® bands,. containing\ini^ , 

, I m the ritee in ' 
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and cretaceous fossils, the bods dipping divei^ely and presenting the appearance 
of fractured displacement. 

The valley is narrow, scarcely a mile in width, the frontier line sometimes 
not more than half that distance from the road, and the surface is formed of a 
drab saline clay soil or alluvium, apt to harden at first on di^dng, then to pulverise 
into fine dust, and to form rapidly deep fluid mud on the access of rain. Near this 
village of Kuz-Usturzai,* the main stream is joined by another from the valley of 
Samilzai and Murrai, which fe-enters the mass of the mountains to the northward 
for some 8 or 10 miles, and might therefore be likely to expose something of their 
geological relation. As is not unusual along the frontier, this recess containing 
some cultivable ground, is included within the British boundary, the “ red lino” 
leaving the mountains outside ; still it was considered expedient tliat I should not 
enter the valley without an increased guard and special arrangements, which the 
pressure of circumstances precluded. So far as could be seen, the ground within 
it was traversed by low limestone ridges, partly continuous with, and partly re- 
peating, the features of the adjacent part of the main valley, where nothing except 
eocene beds were recognized. On the north-eastern and northern sides of this 
Murrai valley, the lofty limestone escai^ment from the neighbourhood of Koh^t 
was observed to sweep along, broken by ravines and plateau-like summits, towards 
Khuyukkai Sir, culminating some miles to the westward at the tabular summits 
of Mazzeoghar and Dupah Sir, — ^the latter over 8,000 feet in height, faced to the 
south by stupendous clifEs, and overlooking the high valley of Tirah to the north. 

In these cliffs strong zones of gray limestone, alternating with much softer 
thick bands, probably of shale, could bo seen dipping at angles of 30® and 40® in 
northerly directions, the dip becoming more marked and steeper in the same direc- 
tion, away to the westward. The stream coming from these mountains brings down 
pebbles chiefly of dark gray limestone in which fossils are concealed or absent, but 
the rock looks and smells like the hill variety of the nummulitio limestone ; there 
are also a few of light-coloured fossiliferous nummulitic limestone, others of a 
greenish semi-oolitic limestone, containing parts of bivalve shells with strongly 
marked umbones and many large blocks of hard white quartzite sandstone. 

The road to Hangu rises from the alluvium of this stream on to flat-topped 
Kar&wdh hills, formed of horizontal boulder conglomerates, from 40 to 100 feet 
thick, beneath which are vertical grayish dull sandstones and bright red clays. 
These last are seen again edging the bases of long low nummulitic ridges tq the 
northward, which dip into the valley in various northerly directions. % here 
becomes evident that the Hangu valley is excavated upon the softer much dis- 
turbed red clays and sandstCnes underlying and interstratifled with thick zones of 
the Alveolina and other upper . nummulitio limestone, the whole arrangement 
Iraing not unlike that of the SuMthu beds in many places along the north of the 
B^walpindi ]>}ateau, but on a mtiCh Wger sc^e. Deep ekekTi^on' in the valley 
beds and the stony hills they form cohi^ue to the camping gj^ound of Sherkot, 
12 miles from K!ohii> and there is noising in the structuie\qf t|Le aground wit^ 
British territory hnre to mark the westerly continuai^ipm ol the dkoo^ 

^ Cbimabinly calM " Stlw»orz«e'' Vy 
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between the nummnlitio beds of the vicinity and the limestones of the moun- 
tains to the north. 

In the next march, to Ibrahimzai (8 miles), another stream from the nor- 
thern hills, having a long easterly course from behind the Samdna ridge, is 
crossed at Baiss ; the boulders in the stream being of similar kinds to those pre^ 
viously mentioned. The valley here becomes much more confined and hilly, 
and at the fifteenth mile from Koh4t is obliquely crossed by the ridge which has 
hitherto bordered it on the south, the river finding its way through a deep gap 
called Khwajahkhczal. In the ascent to where the road is led through this 
pass, on the northern bank of the stream, as in some hills to the eastward, the 
more solid limestone of the ridges is seen to overlie compact lumpy gray or 
drab Alveolina limestone, which rests upon strong gray sandstones immediately 
overlying thick red clays ; the whole folded into an anticlinal and synclinal 
curvature. From the top of the pass to its western opening, an ascending series 
with a dip of 60® or 60® is exposed, thus— 

^ Red clays ; remains of a band several feet thick, 
j Strong nnmmulitic limestones, overlying ... 234' 

I Greenish shaly and softer beds, concealed by tains ... 219' 

, . J Bed clays. Obscured. 

Upper nummulitic. Thick alternations of strong bedded and shaly lime- 
stone and greenish shales; layers of the lime- 
stone crowded with fossils ... ... 258' 

^Grayish and purplish sandstones with red clays ... over 100' 




811' 

Westward of the pass the valley again slightly opens, and on its south side 
higher beds of the limestone, overlying red clays, ibc., with a southerly dip, form a 
ridge extending nearly to Ibrahimzai. About this village all the much disturbed 
high-cliff-forming limestone ridges strike westward obliquely across the valley 
to the flanks of the Samdna ridge. 

From Ibrahimzai to Mirkhweli (the hill sanitarium for Kohdt, having an 
elevation of 4,700 feet), 6 miles to the south-east, many alternations of the 
limestones, clays and sandstones are exposed, at first nearly vertical, then 
toxming a wide cynclinaJ basin, over the central, east and west, axis of which 
is the little station of Mirkhweli. AH these beds are higher in the series than those 
of the succession given above, and have an estimated thickness of fully 4|,000 feet. 

northern slopes and precipices of these hills are much concealed by 
a jungle, often densely luxuriant, of BTao, iFidldi, Mazzwrra (dwarf palm), 
SunheUa and other bushes, sometin^s attaining the growth of trees, and support* 
^ vines. Hence the thicknesses of ike zones in detail are not readily ^stin* 
^ishalfle, though they n^y be rotighly stated at from twp to four hundred feet 
'3&be'foll' 


series was here tuade out (natural order) 

' 14' etp on 

of gmy forming the general hill top. 

14 Cf the ai^eot cl Ilihree hedii^ 
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Nnmerous fragments of a gray (green- weathering), coarse calcareous sand- 
stone, conglomeratic with fragments of quartzite and white homstone, are scattered 
over the slopes of Mirkhweli formed this zone ; its presence in situ here can 
scarcely be doubted. 

10 Very thick zone of gray Alvoolina limestone, defining the basin and forming the summit of 
Spirkhwet hill. 

0. Hed clays. 

8. Very thick band of olive clays. 

* 7 , Bark ferruginous and greenish gray conglomerate, jiebbles, white chert and quartzite. 

6. Compact nummulitic and Alveolina limestone. 

6. Hed clay, overlying bands of dull sandstone. 

4. Thick olive clays or shales. 

8. Hed clays. 

2. Strong ridge of gray limestone. 

1, Red clays and dulhcoloured sandstones, a thick band, overlying limestones of similar 

kind as above-noted. 

Beneath these last mentioned limestones are the uppermost beds of the 
succession previously given, so that this part of the Sab^thu group appears to 
have a thickness of 5,000 to 5,500 feet, roughly estimated. 

From the summit of Mirkhweli, looking northwards, a fine view is obtained 
of the lofty limestone mountains, with the lowei' Sam ana ridge in front, forming 
a marked anticlinal curve, its southern side being sheeted with inclined curving 
beds of bare rock dotted with scattered jungle, while the ranges behind continue 
the northern slope of the curve. The alternation of gray limestone and thick 
softer zones is very visible, but nothing redder than the colour of the withered 
Bubber grass Could be seen by the aid of a field glass. These mountains in 
Urakzai are so high, that even from this elevation (2,000 feet by aneroid above 
Ibrahimzai, and 4,700 feet above the sea), but little of the Sufed Koh, away to- 
wards its peak of Sikaram, could be seen. 

In the opposite direction Mirkhweli dominates all the numerous limestone 
ridges and valleys occupied by the red rocks, &c., of the Koh4t salt field. 

From Ibrahimzai to Hangu the valley narrows and seems blocked over- 
lapping profiles of limestone ridges, one of these, north of the road, again show- 
ing distinctly a thick intercalated band of the red rocks between two limestone 
nones. At Hangu the latter is dark, containing but few fossils, and dips strongly 
to the north-east. Here a small valley running northwards reaches the, Samdna 
anticlinal beyond the frontier. By sending a messenger into this forbidden 
ground, I obtained specimens of dnn lithographic textured limestone, some with- 
out fijBsils, but one full of Alveotirm which was stated to have boen taken 
the southerfy sloping beds of the ridge. Others were of wHte sand- 
itone, rusl^ eacternafiy, the position vi ^ich was ^bwn as a band a^ng the 
loot ^ this ridge. This whi^ Sandstone is ideniidd ^ih the blodto in 

the streams near Sherkot. 

Tha Mils sf tins tsII^ ctt «Mb pUtee niggiei^ 

HSaSBikSais ttunkeo, svidsDiily u^dnlattctn & 

A 4- part of the vsHey I&e si^ lisa ohtmged W 'dfadesr hniwn attid ' 

tiBtSrtisscsiBSS'ftf evidi^t. 
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From Hanga to Togh, 34 miles from Kohdt, the valley opens out consider- 
ably, the Samdna ridge trending to the N. W., and long terrace-like mounds 
or fans are seen along its north side, similar to those observed in the Teri valley 
to the south (Mem. Geol. Sur., Vol. XI, p. 109). The ^ntage of the 
northern hills still shows the anticlinal slope of the Samana ridge, overtopped 
by the scarped edges of the beds in the mountains beyond. South and south- 
westward the same features continue as were noticed from Hangu; but a 
depression in the crest of the nearest range allows other parallel ridges with long 
horizontal outcrops of limestone to be seen beyond. 

From Togh to Suruzai, 11 miles, the valley becomes still wider ; its crest is 
passed at Kai, and the Zwymukht valley joining it from the north-west, the 
superfici^ waters unite to form the Shakkalli stream, which falls into the 
Kurram below Thai. 

Most of the ground is covered with low accacia and Mazzurra jungle, and 
two lofty clusters of limestone mountains are seen to the westward, one the Dano 
hills over Tarawari and Darsamand, the other the Kadimuk group immediately 
north of Thai camp. 

Near Togh, at the village of Bar, a mass of green clays with harder 
calcareous mudstone layers shows itself, dipping at 60° beneath the limestone 
of the southern side of the valley ; it appears to be more than 200 feet thick, 
and has white Jcallar efiloresence, but no fossils could be found in it, its aspect 
is not unlike the Shear Kowra clays of the Kohat salt field. This band seems 
to follow the course of the Shakkalli stream the whole way to and below Thai. 

Near Kai there are long flat-topped, slightly hanging, terrace-like detrital 
hills, and on the “divide” between the Shakkalli and Koh^t Towis there 
are some outcrops of dark green coarse gravelly and fine olive quartzose 
calcareous grits ; these beds weather black, and the gravelly ones contain little 
fragments of limestone, mostly angular. Over these are green clays, similar to 
those at Bar, with purple bands and hard sandstone layers ; the group is evidently 
much folded, on east and west lines. It is not improbable that the large valley 
here has been mainly excavated from these rocks, which possess more or less of a 
Subdthu aspect, but yielded no fossils except some broad striated plant 
impressions. 

North of this the Sam&na ridge appears to inosculate with the higher 
limestone hills, the scarps of which, running west by north for the summit of 
Zawaghar (9,380 feet), still shew prominently two or more broad zones of shales, 
or other soft beds, between the harder ones of limestone, the dip having now 
come round to north-by-east. 

To the west th^ Dano and Kadimuk mountains both show great anticlinal 
aif^s to the south, with strong northerly dips at 45°, and inner folds along the 
elevations, uniting them with the Drakzai mountains northwards* To the 
the nummulitio ihnestpne hills still shut in the valley extending 

nearly as far ^ Gandior, 54 mdles |gpm Kohit. ^ 

! found numbers of 

Hoob,; of dark gr^n quartzite, and , snauy dark 
> ;o£^ wh|^ contain shell fragments. Fragments of a 
l^y withering dbo^ly to a; brown o<dour, contain firajgments 
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of Bli/ynohofmeLla with ssaihller bivalves, and a dark conglomeratic semi-oolitic 
calcareous grit, with white quartz in scattered grains, was found to enclose 
Belenmites. This stream comes from the highest part of the Saanana ridge, where 
there is at least this evidence of the occurrence of the mesozoic rocks. The beds 
of streams further west towards Suruzai and Doaba are largely filled with gray 
shale detritus ; one coming from Darsamand also contains dark sandstone frag- 
ments enclosing Belemnites, and the soil is frequently dark coloured or blackish 
recalling the cotton soil of the Deccan. 

From Suruzai to Q-andior the character of the country is quite the same as just 
now described. Crossing the Mazzurra-covered^ plain from Gandior to the Darsa- 
mand mountain, near the base of the latter, greatly disturbed, dark rugged limestone 
with small nummulites and the little Rotalina characteristic of the eocene hill 
limestones are first seen. Some of the beds have a conglomeratic structure 
enclosing limestone lumps. A band of sandy limestone also appears, and then 
green quartzose gi*its, weathering to a black metallic colour. Beyond these is a 
strong rib of thick and thin-bedded compact gray limestone without fossils, 
dipping at high angles northwards and underlying a band of dark greenish and 
rusty olive or whitish hard coarse silicious sandstone, the dip of which is 
50°. Similar sandstone and hard olive shaly beds occur on the further side of a 
hollow as if faulted against massive blue limestone, with a southerly dip at right 
angles. Sheets of this stretch up the mountain side fomiing the southern slopes 
of the anticlinal curve before mentioned. No fossils were found in situ in these 
limestones, but fragments from the hill contain Bliynclionnella^ oysters and 
Chemnitzia-VikQ spirals, and have a semi-oolitic structure. 

Here all similarity to the nummulitic limestone has vanished, and a fault 
evidently separates the latter from the rocks of the hills. Moreover, these at the 
point struck must belong to a middle portion of the hill section, for the axis of 
the anticlinal bending downwards brings in higher beds to the eastward, likewise 
checked against the low outer rib of limestones, &c., having a northerly dip. 

The fault* here may be the great fractured junction feature of the eastern 
Upper Punjab section, but a hasty glance was all that could be obtained at the 
ground, the frontier lines here, as is often the case, being rather hypothetical. 
Between Gandior and Thai (63 miles from Kohat) this long valley, through 
which a main route from Afghanistan has lain since the time of Baber, becomes 
again narrow, though joined from the north by the Singroba glen. ^The mountain 
masses of Dano and Kadimuk shut out the more distant ones to the north in 
a great measure, and the southern side of the valley is no longer formed of 
limestone, but of almost horizontally bedded sandstone and clays, partly of the 
Mutree group, and partly of Lower Siwalik aspect, the continuation of those 
occupying the DaUan valley. (Mem. Qool. Sur., Vol. XI/ p. 101.) 

At the southern bank of the riyer, not far frpm Gandior thannah, is a 
mass of limestone conglomerate vdth the appearance of the usual valley beds, 

in a oonsoliated state, but it dips at to the north«msi^ resting cm or agaiamt 

greenish and purple clays, which out from beneath the numinulitic litk^ 
^nes. The position of tins conglomeiate m be Aecbtmted 

supposing an old cmnsolidated torraoe to have been undercut by the xiverii aM 
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to have subsided into this sloping attitude by its own weight. If not^ the 
occurrence is remarkable. 

The walled Tillage and the camp at Thai are situated at the confluence of 
the Singroba stream with the river Kurram, and upon coarse detrital river 
accumulations of the lo^al rocks. The elevation is supposed to be about^ or some- 
what over, 2,000 feet. Within a mile of the camp to the north, the high moun- 
tain of Kadimuk shows a short east and west anticlinal axis, around which the 
strong-bedded limestones form an elliptical quaquaversal dome. 

Favoured by Colonel Gordon, commanding at Thai, with an extra guard, 
I was enabled to visit the lo^er part of this mountain. On the way there an 
exterior group of hills was crossed, composed of contorted, vertical and much 
disturbed, hard olive and gray quartssose sandstones, covered with a dark metallic 
lustrous film, and green, gray or purple clays, some of which are exceedingly fine 
and hard, with a splintry structure. Subordinate beds and bands of marly 
limestone also occur. Some of the latter contain well-preserved corals of 
two or three species, and in one bed of the externally dark-coloured sandstone 
I observed a few casts of small echinoderms. 

Among the lowest beds of this exterior (P lower Sabathu) group are un- 
equally coarse sandstones, enclosing fragments and large blocks and blotches of 
limestone. Nearly in the same strike I also found a thick bed of limestone con- 
glomerate, apparently reconstructed from such limestones as those of Kadimuk. 
The base is sandy, and lying on the rock, as if weathered out of this, a frag- 
ment of a Belemnite was picked up. Notwithstanding the interstratification, 
there is in consequence of the occurrence of this bed some appearance of a 
break, low down in the group ; but the relations of this to the rock of 
Kadimuk are those much more of faulted discordance than of unconfor- 
mity. The whole outer group, in spite of the faulted apj>earance, sweeps 
round the axial western dip of the high mountain, and for some distance from the 
river strikes up the left bank of the Kurram. 

At the southern base of the mountain a thin band of the dark-weathered 
sandstones, <&c., separates a considerable mass of gray limestone from the Kadi- 
muk anticlinal. This limestone has an uneven texture, showing small black 
specks like minute organisms, with a few narrow spines. Such limestone is not 
uncommon in lower hill-nummulitics of the region north of E&walpindi plateau. 

In the/Strong limestones of the mountain 1 found no fossils in situ, but 
fallen fragments contained anneloid tracks, oysters, bryozoa, or small corallines 
and corals, many small gastropoda^ some like Nerinoea, and a few sections of 
pdpaoted little bivalves, the aspect of the whole being that of older limestones 

«my of the eocene ones I. am acquainted with. 

Ope of the oncers bf the Elpinram , force (Mr. Macleod, 29th Punjab In&n- 
>4^) htlmmsi me that some time ffp the summit of Kadimuk, beneath a lime- 
etoph he foetid . seyetal lying on the surface of a softer band. X 

' ^ apy specimens of these, evaa through 'an 

foKit appeared that 'part ci the 
a'.wimde^^ party of ,.Gi#sais with whom /the people . 
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Immediately across the Kiirram, on the Afghan side opposite to Thai, is 
the very rugged hill of Bakkarkanch (flint-stone), entirely different in appearance 
from any of the neighbouring ones. It is chiefly formed of masses of hardened 
and altered brecciated beds, some being altered limestone or a silicious rock full 
of angular fragments of hornstone or flint, ^ usually mottled or banded with 
reddish or dark purple and gray tints. Others enclose also angular fragments 
of white earthy limestone, as if the whole had once formed flaggy beds ; but the 
fragments now lie at all angles in the rock. Between these beds are purple, 
flaggy and gray or greenish shaly bands of Subathu aspect, layers of a ferrugin- 
ous red latoritic rock, and some of very hard thin-bedded limestone without 
fossils. The beds are broken into disconnected masses, and the cause of their 
alteration is not far to seek, for everywhere through the hill are numerous in- 
trusions of hard, dark or decomposed, variously coarse, crystalline, syenitic and 
compact trap, weathering down so as to be less prominent than the silicious 
altered rocks. Looking from one of the summits towards the westward, a large 
space among lower hills was seen to be occupied by cores of the dark crystalline 
trap, the chief sources of which may be in this direction. 

Besides the dark solid traps there are also what seem to be masses of agglo- 
merate of trappean fragments, and fine-grained tufacoous traps, alternating in 
beds or layers. It was not found possible to recognise such an association of 
these lava-like rocks with the altered ones as would establish contemporaniety ; but 
the entire assemblage has the mixed appearance one would expect to find near 
the core of a denuded volcanic vent. 

J ust beneath and in the under surface of one of the brecciated bands near 
the top of the ridge, old excavations wore shown, made along the outcrop in 
order to extract a dark, gray and black heavy mineral which soils the fingers and 
marks paper. It occurs in but small quantity and seems to be a mixture of 
graphite with something else disseminated in the breccia ; it is used by the 
natives as kohl, and they call it of course surma®. (I have not yet had time 
to examine it closely) . 

This is the first instance in which I have met with igneous rocks among 
any of the mesozoic or tertiary groups of the Punjab. The locality is fairly 
within the region of the Sub&thu beds, and these trapps may be but an outlying 
portion of a larger igneous area to the westward towards Khost,^ in which direction, 
as well as up the course of the Eurram as far as can be seen, the mountains present 
a softness of outline and a generally bare or withered-grass-covered aspect, en- 
tb?ely unlike that of the hills around on any other side. 

Chaperoned by a couple of tame ii^rmed Waziris, in addition to the guard, 
I visited the scarped outcrop of their hills south of Thai. On the way thitker, 
a ]|pw ridge between the Singroba and Shakkalli streams was found to consist 

^ Much used by the Yogi tribes for gou flints. 

s This is perhaps the mineral mentioiied as anflmony occurrliig at Ptinjidi-f-Shah ICurram 
rlver» by Agha Abbas, in Jour, As, Soo. Bfingal/Vcd. XXI, p. 696. 

> I have seen specimens of asbestus fmm two miles west of Segal' Kdngab Kbost^ where 
It is so jplenl^ul tbe people are said to make itinto ropes; the locality is stated tube two long 
days* journey frw Thai into Af^grhanistan, / , 
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of the same kind of hard, dark^^v^eathered sandstones and olive and purple shales 
as occur between Thai and Kadimuk. The beds are vertical and folded, striking 
nearly N, N. E., and some of the sandstone bands contain badly preserved shells 
of large oysters, others those of a long and narrow but smaller form. South 
of the Shakkalli river is a mass of greenish gray clay coasting round the 
escarpment, extending down the Kurram, and very probably the same zone 
as is seen at intervals eastward as far as Togh. Besting upon this clay 
with a southerly dip, there is a band of some 100 or 150 feet of dark and 
lighter-coloured, mostly thin-bedded, compact, Alveolina limestone, immediately 
succeeded by a thin layer of calcareous concretionary pseudo-conglomerate, 
over which come the usual bright red clays and gray sandstones of the Murree 
group, the latter here sometimes enclosing small pebbles. Climbing to the top 
of the scarp, these and similar beds are seen to undulate over the country towards 
Dalian. Southwards they form large horizontally stratified elevations, amongst 
which a scarped hill at a distance, the scarp doubtles formed by a somewhat bent 
and twisted zone of nummulitic limestone, is the western termination of the 
Bagotungi ridge of the Kohat salt field, where that ridge passes into Waziri 
land. Still further ofE to the south is the rugged outline of a high ridge in the 
upper Siwalik sandstone and conglomerate basin north of Banu.* 

Near the edge of the scarp, not so much as 200 feet stratigraphically above 
the nummulitic Alveolina limestone, I found several fragments of large mam- 
malian bones in a coarse pseudo-conglomeratic layer, but could find no teeth. One 
narrow bone, broken into three fragments, seemed to show the tubular structure 
of those belonging to birds. I have preserved the' specimen, though a bad 
one. 

This was all that I could ascertain of the local geology of Thai : the high 
mountains beyond the Kurram were too far ofE to form a close guess as to their 
composition. In the river and in the terrace above it, the travelled boulders 
and pebbles, loose or cemented into conglomerate, present a great variety of rocks, 
amongst which the only ones I could identify with those of the Indus deposits 
were a dark fine-grained syenitic gneiss and a well-known variety of white quartzite 
covered with conchoidal markings like gastropod sections, which occurs in sUtt, 
among the Tanol rocks of Hazira. Others include varieties of gneiss, coarse and 
fine, micaceous schists, altered earthy and silicious rocks, red jasper, white and 
brown quartzite, purple quartzite, gray sandstone, gray and purple ferruginous 
limestone, dark homblendic trap, white eurite, white semi-crystalline marble, red 
quartzite, many limestones, but none, that I observed, of slate. These may all 
be found hereafter on the flanks of the Sufed Koh. 

The route froth Kushdlgarh to Thai shows a considerable 
change in the upper nummuHtio zone compared with its eastern sections as far 

tho river Jhelum. Near Murree this zone has ah apparent thiokness of 
some and is most larp|y: composed of days and sandstones frequently 

of red colours with iUbbrdinate bands of coarse fossiliferous (num- 

. ^ latui, north of l^ttu,idiown <m the sketch map, 

Kecoida VoVX P' 107, bib l^n a good deal misplaced to the westward of Its real situation* 
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mulitic) sandstone, or of marly or pure limestone, and one prominent dark 
limestone band 700 feet thick. 

In the Rawalpindi plateau the zone is greatly disturbed, has apparently 
a less thickness, up to 1,500 or 2,000 feet, and comprises a few alternations of 
highly fossiliferous, marly and other nummulitic limestones, with red, purple and 
olive clays, &o. 

Grypsum and petroleum occur along this part of the zone, chiefly in the lower 
ground, the former in considerable quantity ; gypsum also is met with in red rocks 
of somewhat Sub^thu aspect, their relations obscured by disturbance, among the 
Mochipuri mountains north of Murree, at Dungagali, &c. 

In Bangash on the road to Thai and southwards, these Sub^thu eocene rocks 
occupy a large area, one part of their section alone giving an estimated thickness 
of more than an English mile, to which large additions should be made for the 
total bulk of the group, not less perhaps than 7,000 or 8,000 feet. The limestones 
here occur in thick zones of from one to over 300 feet, becoming more numerous 
northwards in the Mirkhweli region, and largely made up of beds containing 
Alveolina almost exclusively. Interstratified with these are thicker zones of rocks 
exactly resembling Murree beds, but including also many bands of olive clay. 
The gypsum of the group appears here in the salt fleld, and on its borders, but 
much more largely developed than to the east. 

It would seem that the zone is changing again to the westward, the lime- 
stones disappearing in a great measure, and a mass of unusually hard sandstones 
with marine fossils and very thick greenish or gray and some purple clays forming 
a prominent part of the group in the neighbourhood of Thai. 

A possible break at the top of the Salt-range nummulitic limestone has 
been suggested by Mr. Medlicott,^ partly from the occurrence of a band of 
limestone conglomerate at the base of the overlying series. The presence of this 
detrital rock is not accompanied by any visible stratigraphic discordance, and in 
the section on the flank of Kadimuk north of Thai, we have a band of limestone 
conglomerate interstratifled with the local lower part of the Subdthu beds. 
This occurrence is perhaps worth noting in connexion with the supposed break, 
with the abnormal northern junction of this Subithu zone and the hill limestones, 
with the appearance of a transition across this break at Clifton (Murree), ttnd 
with the absence of any unquestionable representative of the Subathu zone north 
of the line of abnormal junction, so far as is yet known, nearer than the distant 
deposits on the Upper Indus, if even there. 

Nothing has been found in this country antagonistic to views 1 have pre- 
viously expressed regarding the nummulitic rocks of the Punjab (RecordiCf Vol. 
X, p. 109, etc.), particularly as to the position of the Subathu eocene beds above 
the mass of the eocene hiH limestones^. Still some app^roach to the eocene hill 
limestone character among these rocks hes been observed in scarcity of fossils and 
darkness of colour. Perhaps no feature is more pTOminent in the stmetural 
geology of the Punjab than the liability of its rocks to horizontal (lateral) varia- 

^ Memokfi, Toh III* Pt. 2, p. 91, and Vel IX, p. 67i 

8 See iMJte 2, p. m 
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tion in thickness and character,— an observation quite home out by this western 
part of the upper nnmmulitic gi^jup. 

The occurrence of igneous, possibly volcanic, rooks in the Subdthu zone at 
Thai, should any of them prove contemporaneous, and should they be largely 
developed to the west, may introduce an entirely new feature, complicating the 
relations of this Subdtliu group to the neighbouring tertiary or older rocks of 
that part of Afghanistan. 

It may be possible that some of the Mirkhweli Subdthu limestones extend 
into the Urakzai mountains, the strike of parts of these lying in the same general 
direction as that of the Bangdsh hills ; but near Hangu, where the latter most 
nearly approach the former, a sudden difference of both dip and strike between 
the two sets of rocks was suggestive of a fault ; nor were the interstrati fied 
red rocks of the Mirkhw'eli sections seen anywhere in the much-exposed Urakzai 
escarpments. Further west at Thai and Darsamaiid, where spurs from the 
noi*thern mountains were reached, indications of fracture dividing the Subathu 
zone from limestones of secondary age were found in both cases. 

Of the age of the rocks forming these northern mountains, it has only been 
possible to collect some evidence of the preseiico of mesozoic rocks. The groat 
height and bulk of ihe mountains, as well as the conspicuous northerly inclina- 
Hons of their strata, together with their being so largely x?omposed of limestones, 
leave ample room for the occun’once of all the eocene and mesozoic groups of the 
northern Punjab ranges, and space to spare for palseozoio ones besides ; but in 
none of the streams coming from them, did I observe any fragments or fossils 
])roving the existence of palowzoic rocks among these mountains. 

The very low horizon at which bones, presumably mammalian, were found 
south of Thai is not incompatible with the distribution of bone beds elsewhere in 
the Upper Punjab, these occurring even among the nummulitic rocks themselves. 
The circumstance may also be connected with the gradual diRai)pearancc in a 
southerly and westerly direction of nearly the whole of the great group of the 
lower tertiary mechanically formed beds, the absence of which is a marked 
feature iu the westerly extension of the Salt Range, trans-Indus. 


Further notes on the Geology of the Upper Punjab, hy A. B. Wynne, f.g.s., 

Geological Surv&y of India. 

{Supplementary to those in Records^ Geological Survey^ vol. X) 

Description of the ground.'-^The Tugged district of Hazdm stretches far into 
tegicas of the Western, Himalaya between the rivers Indus and Kishenganga, 
embraces the jnatiye hil) of Amb and Kaghlin as well as the portion 
; British rule. It^^ountains, being parte of the greater ranges^ 

complex aei^blage of lofty spurs, rather thap distinctly 

Tile long gieh of Kagl^ cide^tes to the eastward^by^-north between great 
ishowy ridges. Its stream is the Hainsdk, or Knnhar, river;! wMcbi enters" the 
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Jhelum below MuzafFarabad. Between tbe north-western watershed of the 
Kaghdn valley and another great mountain spur from the northwards, the upper 
waters of the local river Sirnn find their way southwards towards the Indus 
through the valley of Bogurmang. On tht^ east of this valley is the lofty 
truncated peak called Mdsai-ka Masala (the praying carpet of Moses), 13,378', 
situated in the border country of the hill-men nominally within our frontier ; 
and on the west are high elevations called Pallcj a Behisht (Heaven) and Shaitdn- 
ka-gali (the devil’s neck or pass). Further west the Black mountains (scone of 
late frontier warfare) rise, on this side of the unknown, or at least unmapped, 
portion of the upper Indus channel. 

One march westward of the lower Nainsuk, at a much greater elevation 
surrounded by still higher mountains, is the flat lake-like plain on the course of 
the river Sirun forming the detritus-filled valley of Pakli. 

Between the Pakli valley and the Indus rises the mass of mountains in the 
state of Amb, culminating at Bahingra in a height of 8,608 feet above sea level. 

A broad cluster of hills having elevations of four, five, and six thousand feet 
spreads from the Sirun to the valley of the Dorc ; and from near the junction of 
these two streams the most isolated ridge in the whole country, that of Grandgarh, 
trends in a south-westerly direction, rising to an elevation of 4,137 feet between 
the Hazara plain and the river Indus. 

Again, occupying the southern side of the district is another, broader, lofty 
tract, presenting endless alternations of confluent ridge and valley, with a maiked 
noz*th-east south-west strike. This elevated tract rises from the Nainsfik 
torrent, near Ghari Habibula, and with altitudes of 8,000 and 9,000 feet overlooks 
that river and the Jhelum ; then, passing between the stations of Murree and 
Abbottabad, it gradually becomes less elevated, though still presenting high 
summits and long south-westerly valleys, till it leaves the district as a part of 
the Margalla range, near the grand trunk road from Rawalpindi to Hasan Abdal. 

The Indus valley is a deep defile amongst the mountains, where, coming from 
the north, the river first bounds this district, then passing Dorband, Amb, and 
Sittfina, its valley expands to a width of about two miles at Torbela, a few miles 
below which place it opens out upon the plains of Chuch and Yusufzai, 

All over southern Haz&ra the more or less north-east south-west run 
of the valleys, streams, and ridges coincides generally with the strike of 
thOv rocks. In central Haz&ra, disturbance of the strike would appear to 
Imve produced a less regular structure of the ground as to depressions. In 
the Gandgarh range, this ridge is itself a strike-feature, and the mountain 
torrents cross the bedding of the rocks ; while in northern Hazara, m Agror> 
Bogurinang and the lower part of the KaghAn valley, the northerly and north* 
westerly ^n of the rocks, resulting in many marked features of the ground, 
approadmates more to the general BSmalayan bearing e^tward of the river 
Jhri^i td the abruptly d^ec!l^ ^uth-westerly strike of the rocks west^ 

0eplogM stntaure^l hate alr^^ given some, ac^nnt of the out^ 
in Hazfira (Sec. iGeoh Surv. l^d;, . toh X, part 3)^ 
n0|n that it is to be notic^ at inf;TO lohgth, it H Well tp 8nh|oin a 
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tabular list of these Hazira groups, placed as far as possible in their natural 
order of stratigraphical succession as follows : — 



o 

o 




.12 

Fleistooeite' < 11 
tie 

? 9 

EoCBEB ® 

Cbetaceovs 6 

JUBASSIO ... 5 

Tbiasbic ... 4 

? 3 

? 2 

( Observe : 2 and 3 

? 1 

B 

? A 


Northern detr^ drift. 

Alluvium and nver drift. 

Post-tertiary valley or lake deposits. 

Murree beds, sandstones and clays transitional with 
Upper nummulitic beds, limestones, sandstones, clays. 

Hill nummulitic limestone older than above. 

Limestones chiefly. 

Ditto, black shale (Spiti) and dark sandstones. 

Limestones, dolomites, breccias, shales, &c. 

Infra-triassic sandstones, breccias, &c. 1 p , 

Tanol series — Quartzites, sandstones, dolomites, &c. i 
ma^ possibly or probably he parts of one group,) 

Attock slate series : Fine slates and grits, with limestone bands, some- 
times largely developed. 

Intrusive traps, in Attock slates and Tanols also in metamorphic rocks. 


Haz&ra gneiss and the most crystalline altered beds. 


A. Highly crystalline metamorphic and azoic rocks . — It will be observed that 
I have given these rocks a separate place at foot of the list, an arrangement 
which might be supposed to convey the idea that they were really the oldest 
part of the series ; and under ordinary circumstances it would appear easy to 
consider the granitoid gneiss as the fundamental portion of the whole. The 
observations made in the field have, however, shown indications of the presence 
of the singular Himalayan phenomenon of highly metamorphic rocks resting 
upon others possessing far less, or even in cases little or no, traces of having 
undergone metamorphism. Hence it is necessaiy to avoid hasty conclusions ; 
for, if the stratigraphical superposition to be described really represents the normal 
sequence, the inference follows that among these metamorphic rocks a portion at 
least may be representative of palaeozoic or even newer groups. 

The unaltered rocks lie in the southern part of the district, the most altered 
in th^ northern region ; but in passing from the former to the latter, neither a 
continuous, nor a simply interrupted or inverted, descending section is found. 
From the tertiary beds down to the slates, No. 1 (omitting No. 2 as doubt' 
fully present), a descending series may be observed, with two breaks, the 
lowest of which is prominently marked. From these slates towards the Haz4ra 
gneiss, an ascen^ng series, differing from that just mentioned, prevails; 
and in the gneiss region itself there are traces of interstratification apparent, 
the position and inclination of the bands being suggestive of these altered rocks 
Oceti^ying a high piece in the northern series. 1?he sequence could be accounted 
for north ^ries cohld be proved, by any uncQuformable contact^ <Sld«p 

an4' dffierent from tfie sduthem one ; but at the point where opemtions 

had i it appei^d to be ^udually booming evident th^ the 

oS fhe 'series was paesing laterally mtp the 

fiirban mountain '(see "Hem. 0epl. 

' Voh' x ' 'Dee^pt^cm of the Cteolo^' of ' 'Sirban]| * ' 'This would 

."iEWBoti iln' t!i«n tbp' A^ook sbiiep'; its vpper ' 
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beds pass by prevalence of metamorphism into the transformed, crystalline, 
northern rocks with a strong appearance of underlying a most intensely altered 
portion of the^e. 

The observation may in a general way^be made, that the metamorphism of 
the rocks of the northern part of the district exhibits a lateral or geographical 
rather than any development coinciding with antiquity of the strata. Inversion, 
apparent or obscure, is often made to explain the difficulty of such a case, but the 
employment of this supposition may have a limit ; as in the present instance, 
where, if the Tanol and infra-trias groups should prove identical, or even in 
parallel superposition, physical impossibility would be involved. 



Attoi Metomorphic (3 

TVa««itxon 


A glance at the accompanying diagram will explain thi^ : the lower poHioii 
of the Tanol group (A) is very similar to the general aspect of the infra-triassic 
group (B), and as I have observed, they seem to unite in the Tandiani mountains, 
eastward of Abbottabad. But the infra-triassic group (B) rests unconformably 
upon the At took slates, and its basal bed is a conglomerate largely made up of 
fragments of this slate series. Consequently the presumption is that the Tanol 
group is newer than the Attock slates, and not part of an inverted scries, the 
oldest portion of which would bo represented by the metamorphic rocks. 

It is unfortunate that, however closely the groups A and B in the above 
diagram may be united, the succession upon the northern side of the crystalline 
area (C) is unlikely to become known, owing to inaccessibility of the countiy ; 
otherwise, its comparison with the southern extra-metamorphic series would bo 
in all probability instructive. 

In the Pir Panjai region, not voiy remote from Hazara, an opportunity has 
occurred of studying the relations of both sides of a chain, the core of which 
is. also formed of gneiss similar to, if not identical with, that of Haz&ra; and 
Mr. Lydekker, to whose research we are indebted for the information, is of 
opinion that a clear case of inversion is there established, and the series on each 
side of the crystalline axis is the same (Rec. Geol. Surv. Ind., vol. XI, p. 30). 
Comparing that region with this, we should find little possibility of identifying 
the flanking series, although this Pir Panjdl chain, between Kashmir and the 
Punjib, prei^nts an assemblage of rooks continuous trith those of the K^jn^ 
range, north of the Vedusta, or upper Jhelum, and doubt&ss continuous in a 
general way with the series of uppir HaaiAra^ perhaps^ howver, beyond the 
limiile occupied hy the Tanol and immediiately associated fyp© of rooks. 

The Pir Panjal chain, with its gneiss and d;o^, is cox^idered j^ 

belonging to the Centxni Himalejan Bystem {Anhl. ^pt. Bee. Gaol. Shifr* 
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Ind., 1878) ; its gneiss is recognised as re-appearing in tlie Kajnag range 
(Lydekker, Z. c.), and I can answer for the lithological identity between 
that of Haz&ra and the transported masses of the Kajnag gneiss scattered along 
the Vedusta valley on the Mnrree r<ante into Kashmir. Still I am quite unable 
to identify the other members of the Hazara series, generally or in detail, with 
those rocks which Mr. Lydekker has found displayed along the Pir Panjal range. 
To show the contrast, I propose, after describing the local series here, to place it 
and that of the country to the east (as recorded) in parallel columns. 

The Hazara gneiss — is a completely crystalline granitoid rock, of whitish 
gray colour, composed of quartz, felspar, and black mica (biotite), white mica 
(muscovite) being often present as an accessory ; and the rock is rendered por- 
phyritic by an abundance of large twin crystals of pinkish or flesh-coloured 
orthoclase measuring from two to eight inches in height, more commonly from 
three to four inches being the longest dimensions. These lie in all directions in 
the matrix, sometimes affecting a linear arrangement, which may mark the 
former lines of now obliterated stratification. Schorl is locally present, and 
garnets are occasionally seen, both as rather unfrequent accessories. Separate 
bands or veins of rock crystal or opaque quartz are rare, but dykes of easily 
decomposing trap, apparently greenstone, are not unusual. 

I have often sought near the junction of the crystalline rock with the adjacent 
schists for evidence '*as to its being intrusive or otherwise ; and in some directions 
1 have found what appeared to be distinct dykes or veins among the schistose 
rocks ; but contrasting with these, and sometimes in contiguous localities, the 
schists exhibited a gradual transition towards the main granitoid mass by reason 
of great intensity of metamorphism, the region of actual contact being, however, 
defined within rather narrow limits. 

For instance, on the southern ascent of the Susul Grali pass into Agror, I 
found masses of the adjoining schists included in the crystalline gneiss, pre- 
senting many gradations of alteration ; and although the stratification was still 
discemable, parts were as crystalline as the adjacent gneiss, enclosing the same 
large felspar crystals, and other parts had assumed the form of a gneiss of much 
finer grain than that of the main mass. 

In other cases, as near Mansahra, detached masses of the schistose rocks 
were found entangled and enveloped amidst the gneiss without exhibiting this 
extreme amount of alteration, not being indeed more altered than the rest of the 
adjacent schistose beds. The country generally is one in which a wide or distant 
view often shows moi^e of the brpad structural relations than is gathered from close 
inspection pf details ; whilst in places, nothing is open to immediate view except 
sm^ features^ the continuity of which cannot be observed or relied upon, yet 
ihe |a«^ concerning v^lbich mnet take ^eir place in forming ooncluaioasL 
Thnsi jWith regard to the tew traces of stratification to be fouiaii m 

the ouil^p of one of its principal masses^ the ^al^gra 
normal featu3^^{coxS(unon' among th^ 

an^p the ''plaih^.and a long^ ^tle dsfedi'vity, 

; .Coinciding^ with' thm 'fprrn,^ and lyMg as if 
in oi welletratified 4^^ti^'and's^ist% 
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Bometimes cropping out along the whole of one side of a spur the opposite slope 
of which presents a sheet of the gneiss for many miles* 

The whole aspect of the gneissic or granitoid region, so far as visited, gives 
the impression that an extensive series of mechanically formed detrital rooks 
has undergone transformation, the metamorphism being locally intense, and its 
extreme results expressed by a very abrupt transition from highly alteicd schists 
into gneiss itself. 

Less highly altered azoic roclcs . — The schists and quartzites adjacent to the 
gneissic area are, as a general rule, distinctly stratified ; and, no matter in what 
direction inclined, they almost invariably dip towards exposures of the gneiss. 
They present the somewhat peculiar feature that they qcouj^, so far as yet 
traced, the deepest valleys, such as those of the Nainstik, Sirun, and Indus; this 
feature, together with their dip, intensifying the appearance which they present 
of underlying the gneiss. 

The metamorphism of these rocks bears a more or less constant relation of 
place to the margin of the gneissic tract, though it possesses no definite outer 
boundary. It appears on the loft (Haedra) bank of the Indus to travel across 
the stratification of beds that are less altered further away upon the same strike, 
as though it were an effect related to the presence of the gneiss among the Buneyr 
hills in the wild tract^beyond^that river ; or it might bo perhaps inferred that the 
altered rocks here, lying lower than some in the neighbouring country, indicates 
the presence of plutonic ones at a depth beneath this region no greater than the 
distance within which the rocks at the surface nearest to the gneiss have been 
most metamorphosed. 

The altered rocks in this situation consist chiefly of various talcose or mica- 
ceous schists, sometimes slaty, sometimes even conglomeratic from the presence 
of white quartz or quartzite pebbles ; they are rarely calcareous, but sometimes 
contain bands of compact and rusty-looking dolomite or magnesian limestone. 

B. Intrusive traps . — In both the more and the less crystalline metamorphio 
groups (as well as in ^he Tanol series), igneous rocks are not uncommonly met 
with as dykes or intrusions. One of these near the border of the Amb country, 
south of the Bahingra mountains, is of considerable size. Generally speaking, 
these rocks are of a dark, dense, variously crystalline greenstone, seldom por- 
phyritic and never amygdaloidal. They do not presjent r^ognisable signs of 
having partaken of the metomoi^hism of the associated beds, but they ore fre- 
quently weathered to an extreme degree, this condition perhaps haying some 
connexion with, their position^ 

l.-^Attock slates s (Azoic ). — The gen^l appearance thi^ gp^up has been 
already more than once described. It- consists of yarioim dark, olive, black or 
broymish fine earthy slatesi, sometimes with, purple b^ds and.ocioE^o^Uy into^- 
stratified with greenish fine-grained W Bands , ef yfmed, pale 

and dark gray or msfy-brownish ^ limestone are locally ; though ^ cqm- . 

parntiv^ rare in acme localities^ m .otiieprs, as in the r^nge^ %y 

assume ah enormous development. j ,v ; 

ilfc* too these lim^tones inelhde among their nppef^ 
of eompimt white or greeDish sem*tranalaeeht waxydooWng^-t^ 
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associated with certain coal black graphitic shales, one or two yerj constant 
zones of which are known to the natives as the ’ “ Surma lurri'' rug or belt. 
Dolomitic and brecciated, or pseudo-brecciated, varieties of the limestones are 
frequently met with (see Section 1). 

Geographically the slates intervene between the mesozoic limestones of 
the southern Haz&ra hills and the Tanol group of the northern series. An 
isolated patch of them and their associated limestones stretches from the NainsiSk 
valley, forming the -lofty peak of Milln-J&ai-ka-Chauki, and passing westwards 
by Sujkot among the limestone hills south of the Dore valley. Their stratifica- 
tion is much disturbed ; cleavage is prevalent in places along so many planes that 
the rock is cut up into splinters ; in others it is scarcely developed, and the thinly 
laminated structure of the slates enables them to be split into flags or even 
bedding slates, of inferior quality. 

A long fault forms their southern boundaiy for a considerable distance, 
another brings them in contact with the northern side of the Sirban mesozoic 
exposure, and still another forms their northern limit for many miles, coin- 
ciding with a long valley running from Haripur towards the north-east, so that 
this fault passes northwards of Abbottabad. 

The unconformablc infraposition of these slates to the infrartriassic rocks 
of Sirban has been pointed out in the paper on that mountain (I, c.) ; their 
junction with the Tanol group is mainly a line of dislocation ; but where this 
is not evident, they appear to underlie those rooks ; and they are seen uncon- 
formable to, and apparently beneath, beds similar both to some of those in the 
Tanol group and to the Sirban infra-triassic beds, on the road from Abbottabad to 
Mangli (or Mangal); they also unconformably underlie thoi>i^rooardfm7K' limestone 
of the Zy&rat hill close to Hassan Abddl. 

The main strike of the slates, and their most extensively recognisable fault 
lines, follow the north-east south-west bearings of the rocks and ranges west 
of the river Jhelum with vaiying regularity. They possess an almost monotonous 
unity of aspect which imparts itself to the ground they form, this eveiy where 
presenting the same minutely mammilated and steeply fretted surfaces, coated 
with a scaly layer of finely divided detrital fragments, giving the ground a 
peculiar i^ft greenish-olive tint. It is only when limestone bands are present 
thait the outlines become rugged. 

As a r&le, in the southern i)art of Hazara, the slates are unaltered along 
the side of their exposure next to the mesozoic and eocene limestone hills ; but 
on the opposite side, between Gandgarh ridge and the Indus, as well as generally 
towards the Tanol group, amount of metamorphism has rendered them 

sill^ ur Ipstrous, and traces of alteration axo mubh more evident in ihe^ aseo^ 
often' ^ h ouriousl;^p:xatted foHu^ohi 
^ ha^ not been foi^ Attocknlate 

'of the •'"beds ^werp' phsexit^ to' '.enclose 

or qpartzite ihrough'> the' -'-reck,' ‘and > not' unfrequ^oMy 

'have' been ifoundi m tibiexr more 

of ' organic ^li|e. ’''"BvW/'ihe<' hn^toniss 
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associated with them, and evidently belonging to the series, though in some 
places having a pseudo-foasilifet^us appearance, seem wholly destitute of "any 
organic remains discoverable by the naked eye or the pocket lens. 

But in the southern portion of these rooks, along the margin of the mesozoic 
limestones, there are limestone bands included among the slates in which 1 
have in two or three instances found fossils. At one spot near the road from 
Khdnpur to Haripur (between Padni and the road) I found highly disturbed 
or vertical limestones containing the well marked sections of Dicerocardia, &c., 
and again in a limestone ridge little more than half a mile due west of Bandi 
Atdhi (called by the people of the locality Bandi Tai E!hdn), and east-south- 
east of Huveliyan on the Dore, I found imperfect and fragmentary casts of 
crushed Ammonites, 

Although there are in the vicinity of these fossil-bearing limestones others 
of the hard, frilled, and peculiar aspect of those found in the slate series, 

I am by no means prepared to say that these beds with the fossils belong to 
that series ; I regard them as more probably belonging to the adjacent mesozoic 
series, let into their present position by dislocation, and subsequently so wedged 
among the slates as to make it appear that the present is their original situation. 
My reasons for this conclusion are shortly, that the JDicerocardium limestones of 
Hasan Abddl and Sirban are evidently unconformably superior to the slates, 
and that the rib of limestone with Ammonites is almost continuously traceable 
into the mass of mesozoic and eocene limestone hills crossed by the upper road 
from Murree to Abbottabad. 

For some time paist these Attook slates have been provisionally considered 
of Silurian age, from the recorded discovery by Dr. Falconer of “lower 
sHurian fossils” in the Kibul river of the Peshdwar valley (in slaty rocks P) 
derived from the Khyber hills on the same general strike. Their silurian age 
was accepted by Dr. Verchere, and adopted by Dr. Waagen and the Geological 
Survey; but it has never appeared that the correlation was quite correct, nor 
have I been able to trace any thing stronger than indirect allusions to Dr. 
Falconer’s discovery ; such as Major Godwin- Austen’s reference in his paper on 
Kashmir (Quar. Jour. Geol. Soc., Lond., Vol. XXII, p, 29), where ho says, “ As 
lower Silurian fossils from the Khyber hills were found by Dr. Falconer in the 
gravel of the Kabul river, as also by Colonel Strachey on the Niti Pass, the great 
masses of slaty and metainorphio rooks which in this part of the Himalayan 
chain underlie the carboniferous beds may be referred to a lower palaeozoic series.” 
Major Vicaiy mentions a few of the genera found by Dr. Falconer above 
referred to (Proc. Geol. Soc., Loud., Vol. VII, p. 45), but it does not appear 
that the whole or most of these are strictly silurian forms. Still the impression 
conveyed is too definite to have been founded on a mere guess. Nor does it 
alter i^peer idiat the identity of the Attook slate ^1l|^^and the Khyber beds 
is at all Sxedf thongh vei 7 similar slaj^ beds are said to occur beyond the Khyb^ 
peas Ipwards JeUiHbid. Hence the of ibiese slates can hardly be pm- 
sidled established with sufficient accuracy to their being regadi^d 

del^tsly as silurian, while the proliability is that th^ arc palmosoior |(Sim 
MmnaV p. 500.) ' ' ''' '1;’' 
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2. Tamil grov/p : (Azoic )- — Lying between the Attock slate region and tbe 
motamorfdiic area is a great group of rocks, the existence of which was unknown 
until the past season, and the analogues of which I am unable to discover 
among the recorded sections of Kashmir and the Pir Panjdl. I have called these 
rocks for sake of distinction the “ Tan6r* group, frotu the anoibnt name of the 
country they occupy. 

These beds are always associated with the schists of the northern series, 
and they appear to pass both into and underneath a considerable section of these 
schistose rooks. They comprise an enormous thickness of gray or drab quartz- 
ose or quartzite rocks, in rapid alternation with dark earthy bands, flaggy, 
shaly or slightly schistose. Many of the dark intervening bands remote from the 
gneiss are in appearance scarcely altered, and have much the look of Indian 
jurassic plant beds. Others of the alternating layers are exceedingly fine, 
unctuous, slaty argillite, sometimes associated with conglomeratic slates, the 
pebbles of which, ranging up to the size of goose eggs, are usually formed of 
white quartz or quartzite. 

The quarzites or quartz rocks frequently show lines of oblique lamination, 
or other lines of deposition ; and they include amongst them beds of almost un- 
changed sandstone, the weathered surfaces of which have the small warty pro- 
tuberances such as are frequently observed upon certain mesozoic sandstones in 
the peninsular Indian area. 

Some of these Tanol rocks, towards the apparently upper part of the group, 
are of a clear grayish white color, soft enough to mark the fingers when handled, 
and with these the slaty rocks of paler color prevail. The soft white rook is not cal- 
careous, nor has it a strongly argillaceous appearance ; reduced to fine powder it is 
but slightly soluble in acids, even when boiled for a considerable time : it fuses on 
thin edges to a white glass, and in powder on charcoal to a somewhat coherent semi- 
fused mass, giving no alumina reaction with nitrate of cobalt, nor any distinct 
magnesia color. This powder fuses with efiervescence in carbonate of soda, but 
is not quite fusible in borax. The color of the bead given with reagents was not 
definite enough to form an opinion by. The specific gravity of the pieces examined 
was about 2*^8* These sojt white beds, though retaining a good deal of their 
detrital aspect, have undergone so much metamorphism that it is uncertain what 
kind of sandstones they originally were ; and yet the strata amongst which they 
are intercalated do not seem to have sufiered extreme alteration. 

Occupying synclinal folds, or else occurring at various horizons, in the 
Tanol group are thick zones of variously colored pseudo-brecoiated, silicious, 
cherty or compact gmy, black, and bufi dolomiUjC Umestone; with which are 
occasionally associated intensely graphitic and sulphurous shales, or else 

parj^ ai^d sandstones and sla^ : ^ 

^up extci3n^:li^ pro^bly/f^ 

the .Its Attock idAtes''bhwHeh It ;to rest 

^ of: disloeation'nr^c^ 
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Trap rocks, ctiefly intrusive and perkaps intrusively interbedded, are found 
in the group, mostly among the more metamorphosed portions, and of similar 
dense crystalline basic kinds to those of the altered rocks. 

I have not been able to detect any organic remains among those Tanol 
rocks. 

The apparent superposition and probable unconformity of the Tanol upon 
the Attock slate group, and the presence of silicious dolomites and red sand- 
stones in the lower part of the former, as well as in the lower part of the infra- 
Trias of Sirban mountain, are points of resemblance which would indicate a 
connexion between these infra-triassio beds and the Tanols ; but the latter 
exhibit a thickness enormously greater than that of the group overlying the 
slates in Sirban, nor has the distinct evidence of conglomerate formed of slato 
debris been found at the base of the Tanol group, neither have any fossiliferous 
limestones or other beds identifiable with the Sirban Trias been met with. 
Notwithstanding this, on tracing the Tanol group and the Sirban beds to 
the north-east, they seem to unite in one groat series in the lofty mountains 
near Tandidni, sweeping over an anticlinal axis near the camping stage of Mangli 
or Manghal. The decision of this important point must be reserved until the 
Tandiani hills can be examined. 

The thickness of the Tanol group exposed in the sections from the Midn- 
khaki stream northwards can scarcely be less than 20,000 feet, up to the placo 
whero they pass into the metamorphic rocks. Possibly some part of this thick- 
ness may be repeated ; in so disturbed a region it is difficult to say repetition does 
not occur, but general appearances are against it. Nor is it easy to account 
for the absence of the mesozoic series of the southern hills unless they may 
possibly be partly represented by some of the dolomitic zones, or else metamor- 
phosed beyond recognition. (See Section No. 4). 

Far away to the north, in the Palleja heights, overhanging Bogurmang, 
I could see among the snows a basin-like arrangement of strongly bedded rocks 
as tliough resting unconformably upon the metamorphics. Of these the only 
specimen I could obtain was one of a dark dense limestone. Should limestones 
prevail, and the sharply scarped form of the cliffs looked as if this were likely, 
the mesozoic series may in part be represented there, or perhaps some of the 
Kashmir carboniferous or other groups. 

The Southern Hazdra Series . — Of the rocks in this part of the district more 
was already known than of those to the north. The limestones of the hilly 
tract between the Attock slates and the Biwalpindi upland or the Hiirree hiUs, 
present an extremely confused, contorted and faulted assemblage of mesosoic and 
eocene stoita, an epitome of which is afforded by the instructive sections of Sir- 
ban mountain d^oribedin the memoir already quoted. The main features of 
the whole tract are, a lar^ developm^t of the trias^ and pf great hill- 
limestones^ the disapp^uttop^>^ (Spit|> shale9» 

and their place being taken by : Containing; amongst is^hiph 

T, is a prominent fowm togetlier with spine; end fr^gmentai^ 

brachio|l^ )l h^p &e disappeared 
of Slrham at least no h^iger recognisable to 
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tlio westward, nor has the cretaoeons band there observed been found reappearing 
with the same character, if at all elsewhere in this district. 

For fuller detail I refer the reader to the already described Sirban sections 
(Mem. Geol. Surv. Ind., voL IX, Art 3, p. 331) ; but to convey a general idea 
hero, I abstract the table of succession given in that paper at p. 2, 

6. Nttmmulitic. — Thick limestones with some shnlcs, fossils in places. 

6. CbbtaoeouS. — Thin-bedded limestones without fossils apparently. 

Impure ferruginous sandy limestone, weathering rusty— ‘fossils. 

4. JuBA6aio.~Black Spiti shales. 


Vnoonformity. 

S. Tbiasbio. — Thin-bedded limestone and slaty shales, dolomite, limestone ; fossiliferous 
{Megalodon and other) beds. 

2. Bbiow the Tei as.— [Infra-Trias] Hsematito, dolomite, quartzite, sandstones and breccia. 

Marked Unconformity. 

1. Paleozoic Attock slate. 

Of these groups the Attock slates, ascertained from larger developments 
to be the same group exposed at Attock, have been already described. 

The infra-Trias, however, requires a few words of description in order to 
enable a comparison to be fo/*med between it and the Tanol group. It seemed 
to show a triple sub-division, the lower one consisting chiefly of red sandstones, 
red shales, and red quartzitic dolomites, underlying another zone of dolomites of 
lighter color often highly silicious and of very considerable thickness. These 
words would apply almost equally to those well marked red and lighter colored 
dolomitic zones of the lower, but not lowest, part of the Tanol group. The 
sections given in the Sirban memoir may be compared with that crossing the 
Tanol group, No. 4, appended to this paper. 

The third sub-division, composed of haBmatitic rocks, quartz breccias, sand- 
stones and shales, seems less capable of recognition to the north ; but it might be 
there subordinate either from lateral change or blending with the dolomitic zones. 

4. In this group the further examination of Haz4ra has revealed 

the existence of a gr^at development of limestones with some shales. Many 
of the former show features characteristic of the Sirban exposure, yet are most 
frequently without the arrangement into more or less defined, though sometimes 
obscurely, fossiliferous zones. Owing to this local character the exact lines of 
the Sirban section have not been traceable amid the larger and thicker exposures 
elsewhere. Although the most characteristic feature, — the presence of numbers of 
impacted sonmtimjts accompanied by shells of the 

t section him ihmn observed in one or localities ; the point of 

to identify of iliese fossilitotods kedi/ but 

of these', fossils from the rooks 

' bedS‘gen^ly^,m!e.s6 ^feW, so f^ppaentafy. 
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triassio or jnrassic, notlimg being left for guidance but the not very definite 
point of liiliological character. 

The thickness of these rocks in the neighbourhood of Khanpur, however 
difficult to fix on account of plications, can scarcely be estimated at less than 
3,000 or 4,000 feet, perhaps more than double the amount of the triassic series of 
Sirban, where the best exposed sections show the formation sheeting the 
northern side of the mountain, with inclinations of less than 35°, over a slope 
a mile and a half long with a rise of 2,000 feet. This being taken as the basis 
of calculation affords the inference that the Sirban txdas formation may have 
a total thickness of between 1,500 and 2,000 feet. 

The distribution of the formation as far as traced is shown upon the sketch 
map annexed ; it seems to have suffered extensive inversion near Bagnotar 
on the Murree and Abbottabad road. 

6. Jurassic . — The Jurassic rocks of the southern region of Hazara are very 
subordinate, as to extent or thickness, to the underlying group. They are, 
however, traceable by numerous complicated exposures among the disturb- 
ances so prevalent in these hills. They appear amongst masses of nummulitic 
beds, at Shah Kabul summit, in the Kh&npur country, as a rusty group of 
earthy limestone, shales of dark and light color, and occasional sandstone bands, 
identified by Dr. Stoliczka as similar to his Gieumal sandstone of other Himalayan 
regions. Similar rocks reappear near Garm Thun ; and they are met again, though 
scarcely ever with exactly the same character, edging the southern frontage of 
the Mirgalla range, and in the interior of the mass of hills crossed by the old 
bridle track from Murree, vid M&ri, to Abbottabad. 

In the higher hills the Jurassic formation includes in places a well-developed 
zone or zones of black Spiti shale, containing fossils characteristic of that group 
in Spiti, but both these shales and their fossils appear to be entirely wanting to the 
west, where a band almost made up of ill-preserved Trigoma ventricosa (not found 
in the higher hills) appears towards Shaladitta, associated with layers contain- 
ing Ammonites, Qryphcea, auA Belemnites. But it is not clear whether these fossili- 
ferous beds to the west are newer or older than the Spiti shales, ' the groups never 
having been found in contact or in the same section ; and the relation in both 
cases to the succeeding eocene rocks, so far as can be made out, being that of 
conformity. 

The whole formation seldom exceeds a few hundred feet at most ; but where 
its lowest limits may be, among limestone masses, part of which are at least 
triassic, though the upper portion may be newer, it is impossible to say without 
better palaeontological evidence than is available, and without the reappearance 
of the Sirban discordance. 

6. -The few beds referred by Dr. Wa^n from their fossils tp 

this formatidn at Sirban are the only ia^tablished case its doburretiGe among 
these bills. In many places, hoivevfr^ th^ intoi^e^ b^tiwpen the k&owh 

f Ttwse western fossififerous Jimude mtkl m statedin .lKt% d the 

Oeolegy Hindis, p* to 

su) am ao mfileient gnmuda fi^ the wertim asyet . 
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Jurassic and the nummulite-bearing limestones, a mass of light or> dark-colored 
limestones without fossils, which perhaps belongs to the cretaceous period. 

The fragmentary AnmionUes found in a limestone rib southward of Huveli- 
yan (see ante p. 121) on the opposite side of the Dore valley from the cretaceous 
band of Sirban, occurred in limestones with somewhat the aspect of those of 
the cretaceous zone ; but it is not even known whether the specimens can be 
determined. 

7. nummulitio eocene limestones of these hills presents 

no peculiarity beyond the general features described in former papers (Bee. 
Geol, Surv. Ind., vol. VI, pt. 3, vol. VII, pt. 2, vol. X, pt. 3 ; Q, Jnl. Geol. Soc., 
London, vol. XXX, p. 61, vol. XXXIV, p.347). 

It occurs very extensively, yet its thickness, which must be very great, is 
difficult to determine on account of the frequent faults and the disturbance of 
the beds. One section from Murree northwards would indicate a greater 
thickness than 2,700 feet for what is but a part of the series ; and from 3,000 to 
6,000 feet may be a probable, though necessarily a very conjectural, estimate for 
the whole. 

These dark gray eocene limestones of the outer Himalayan region, alternat- 
ing frequently in some places with olive shales which are almost entirely absent 
in others, and containing sometimes an abundance of small Foraminifera, some- 
times scarcely a fossjl distinguishable with a lens, ore in a manner peculiar 
to the northern regions of the Punjab, as has been already pointed out (1. c., 
above). There seems to be a possibility that in the higher portion of the hills, 
traversed by the upper Abbottabad and Murree road, the group includes in its 
lower part dark red and blackish gypseous shales and sandstones of the aspect 
of those found in the base of the succeeding tertiary sandstone series, but the 
point is obscure. There is also a considerable appearance of transition from the 
upper or outermost beds of the Hazara hill-nummuHtic rocks into the upper 
nummulitic zone near Murree, which is transitional with the lower tertiary sand- 
stones and clays just mentioned. The apparent passage is deducible from the 
arrangement of the rocks in the region of the abnormal contact between the Hill 
limestones and outer tertiaiy zone, and therefore less trustworthy than it might 
be ; still such appearances, even in disturbed localities, should not be overlooked 
(see Section No. 6 annexed). 


The upper nummulitic beds of this district, scarcely appear within the hilly 
tract from Mochpura mountains westward in other than doubtful exposures^ 
Some of its beds are faulted into junction with the hiU-nuxom^tic and Jurassic 
rocks between Shaladitta and on the road from , Biwalpindi iq 

and the faulted mess red rocks with j^snm, in the Haro Kks 
(north of , either belpng to this group qr he 


fiB pMbraioyr 


, M a xaiijol^ ed^emiB 


'aim iweSb 



PAET 2.] Wynne: Further notes on the Oeblogy of the Upper Punjab. - 127 

havQ^ a harder, more slaty and more prominently red aapect. They’are intersected 
by numerons parallel veins of white carbonate of lime, which is one of the 
characteristic appearances of the Mnrree beds near their disturbed junction 
with the hill rocks. There are, however, no such masses of nummulitic and 
mesozoic limestones associated with these beds as occur further to the south-west. 
Dolomites, limestones, and black carbonaceous or graphitic shales appear imme- 
diately beneath them ; but these beds have much more the aspect of the infra- 
trias or Tanol rocks than of the newer limestones, &c., and none of them contain 
fossils BO far as could be discovered. On one spur of the mountain near Kulis 
village, a situation which would indicate an inferior position to the red beds, 

1 observed numerous shaken angular blodcs of limestone containing Nummidites, 
These, although they could not be pronounced in, situ, did not appear to have 
been far removed from their original place, and they would indicate an extension 
in this direction of the Hazdra eocene formation. 

The whole of the red series and associated beds on this range appear to 
rest unconformably upon the metamorphic schists, of which the lower half of 
the mountain mass is entirely composed ; but no clean sections could be observed, 
and snow concealed much of the higher ground. 

A small vein of galena among the schists in the Kakal ravine, not far from 
Kulis, is only worth mentioning to state that the quantity is so very small as to 
be ec6nomically worthless, so far as this one vein is concerned, and unless others 
of much larger proportions are concealed in the vicinity. On examination at 
Calcutta specimens of the ore were found to be argentiferous, as is very com- 
monly the case. 

Before noticing the more superficial and less important deposits, it may be use- 
ful to glance at the comparative aspect of the two great series of rocks— those of 
the Himalayan system in Kashmir and those of the Hazdra region, still further west. 
In order to present the state of the case as definitely as possible, I have taken 
the Kashmir series from Mr. Lydekker’s papers, and placed it side by side with 
that of Hazdra in a tabular form (annexed). 

Commencing with the older rocks, it will be observed from what I have 
already stated, that the first discrepancy to be met with is in the position of the 
gneiss of the two regions. Mr. Lydekker refers to two kinds of Himalayan 
gneiss, but considers that occupying all or most of the gneiss areas on his map as 
of one kind, except perhaps the central portion of the Zdnskdr range, (not marked 
on his map, (Becords, Vol. XI, p. 30) but forming the north-west south-east 
watershed north-east of and above B^arwas). This great expanse of identical 
gneiss, pi^senting the same relation of conformiiy and transilion into the over- 
lying silnrian schists, is of course Usm&r than the central gneiss” of pre- 
silnrian age. The Kdjn^ ridge belongs to the Fir Panjdl rangb, and its gneiss 
is ai le^ Bthologically identical with thai of Ba^ra* tibough in the Pfr 
Pai^dl this forms so wdd to the sykitem of A 

wiMy-extended area, and the appai^t alternation of ilto with quartzitds ^ 
and schists in Kas^a affo^ a fnrfi^ point of similMly, its ' ^nera! sitnatidh ; ' 
wi%rejKai^ to the rei^ of the Hadbu its beu^ a 

fttnd^mitsi took or the basal ntf too stratifij^ S^d^. 
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Mr. Lydekker has specially pointed out the conformity of this Himalayan 
gneiss to the overlying silurian strata, but in Hazara, whether the contact rooks 
may be correlated with his Pfr Panj^l and Pangi groups or not, the manner of their 
junction as described above (see section hTo. 4), the enclosure of detached altered, 
and more highly converted metamorphic schists, within the gneiss, also^ tho 
occurrence of dyke-like veins of gneiss amongst the schists, would show, that 
however conformable the original rocks may have been, this relation is rendered 
more than obscure by the intensity of the metamorphism they have undergone. 

Thus, though the gneiss of the two regions may be identical in hand specimens, 
its diversity of arrangement in the two districts would point either to tho occur- 
rence of two different gneiss formations, or else, what is perhaps more probable, 
to tho occurrence of two distinct modes or degrees of metamorphism affecting tho 
rocks within its range differently in each case, coinciding with the stratification 
in one case, crossing it in the other. 

Tlic next point of dissimilarity in the features of these two regions is in con- 
nexion wdth the rocks resting immediately upon the gneiss. In Hazara there arc 
no particular zones having this relation as yet explored ; still the schists, &c., of 
Lachikhun mountain would seem to be a continuous portion of those of northern 
Kashmir, and may yet be found more palpably resting upon extensions of tho 
Hazara gneiss than has hitherto appeared. 

The more than 2,000 feet of blue and black slates, and flaggy slates wiih 
blue and fawn-colored sandstones, splintery grayish shales and locally abundant 
limestones of the Pangi series, scarcely find a counterpart in the Attock slates, 
though the general description more nearly resembles those than any other portion 
of the Hazdra groups. But the Attock slates have never been observed passing 
downwards conformably and with intercalation into metamorphic rocks with 
alternations of gneiss : nor have they been known to contain erratic (t.e. travelled) 
fragments of angular and waterwom gneiss. Hence the Attock slates do not 
seem to represent the silurian of the Kashmir sections ; or if, notwithstanding, 
they are a modified extension of that silurian formation, they differ in npt being 
conformably associated with the gneiss. 

The Panjal series — of black and green slates, sandstones, amygdaloidal rocks, 
brown sandstone conglomerates containing pebbles of quartzite and slate, white 
quartzites and sandstones, and below all black slates with pebbles of gneiss and 
quartzite, granitoid gneiss with bands of slate and quartzite, — seems also to .have 
no closely similar group among the Hazdra rocks. The gneiss with bands of 
slate and quartzite has indeed a certain resemblance to the association of the gneiss 
and schists of this country, and conglomeratic beds are not unknown among the 
metamorphic schists ; but the whole aspect of the group, despite the entire 
abse!no6 here of the amygdaloidal heds^ would seem to possess rough similarity 
to the Tanol group, ^ere it not that the latter contsiiui Umestoims and dolomites^ 
unrecorded in the Panjal series, and it has not the qf 

transitiomd superposition upon the gneiss. Another diAqnlty is met with 
seeking for the analogues of the : Kashmir car]k>mfeiMs'bcds.^ The 

geno)^ diversity of the sectionS^ in th^ two adjoining ’prepares one for a 
here also, and I aim unable to *pq|nt to any MeaOm group which wouii 
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occupy tlie place of these rooks to tiie eastward, or which resembles closely any 
carboniferous exposure in Kashmir, as described by others or seen there by myself, 

Mr. Lydekker suggests that local dilEerenoes in the carboniferous sections 
of that country may be accounted for by supposing separate areas of deposition. 
If the difierences increase towards Hazira, it would be rash to say the formation 
is as wholly unrepresented as it appears to be ; but 1 hare never found a trace of 
any of the fossils of this group such as I have met with both in the Salt Bange 
and in Kashmir regions. One unfossiliferous limestone formation may so closely 
resemble another, that I cannot say whether the massive limestone formation of 
Oandgarh may not present some identity with that of the Krol group, which 
I have never seen, but which has been classed with the carboniferous beds of 
Kashmir, nor yet whether it is similar to the great limestone of the Jamd inliers. 
The slates of Hazdra certainly have a less shaly look than those of the carboni- 
ferous group in the Lidar valley-Kashmir. 

The occurrence, of quartzites, black shales (graphitic or carbonaceous) with 
nodules of iron ore, and limestones in both the Kiol and the Tanol groups 
might indicate some identity, but though dolomites are more characteristic of both 
the latter series and of the infra-triassic of Hazara, and are not uncommon in the 
Salt Bange carboniferous, they do not seem to be strikingly developed in the Kiol 
group of Kashmir, but rather to be the prominent feature of its trias formation. 

The triassio rooks of Haz&ta are doubtless the same as some of those in 
Kashmir; and to judge from the description of the latter, it does not appear 
unlikely that the beds separated in the Sirban series as infra-trias are also in- 
cluded with the Kashmir formation. 

Kor the jurassio rocks of the present district, I find no equivalents recorded 
in Kashmir ; and the same remark applies to the cretaceous formation ; though 
the Spiti shales of the countiy east and north of the Kashmir region are charac- 
teristically displayed in Hazdra, with several of their fossils. 

The hill nummulitic limestones so extensively developed in Hazara are not 
known as yet to exist in Kashmir, where, in the fringing zone of limestones 
outwardly flanking the Fir Panjil, the carboniferous formation takes their place 
in the general structural sequence.^ But the upper nummulitic zone of the 
exterior of the Haz&ra hills is identical with the Sab&thu zone as determined by 
Messrs. Medlicott and Lydekker in the Jamd country and near MuzafEardbid ; 
I have myself found it on the east side of the Jhelum north of the junction ol 
the Kainsfik with that river*. 


From tibis brief glance at the want of nniformity between the extensive 
geol<^eal series of the two regions, it appears to follow that considmUe 
diversity of conditions must have accompanied their formatioii. In regarding 


should be leiUembered that^ though the infra-juraesic 
seen in can scaroely be declared abaeaat in Kashinir till 
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jurasaio rocks are fotind^ there is no record in the Kashmir’ sections of the very 
complete break at the base of the Infra-trias group in Hazara. The slight 
and broken chain of similarities between the series commences with the litholo- 
gioal identity of the gneiss, is most developed, apparently, in the trias forma- 
tion, and ends with the upper nnmmnlitio tertiary group, or the far more 
recent Karewah beds. Excepting perhaps the most metamorphosed rocks, all 
the others present more of disparity than unity, and the reason for this might 
no doubt be found if the early history of the western Himalayan rocks and ranges 
were more completely known. 

Mr. Medlicott has pointed out (Records Yol. IX, pt. 2, p. 51) that the 
elevation of the middle Himalayan area to the eastward of this country dates 
from early or middle secondary times, and that disturbance was specially displayed 
towards the close of the eocene period ; but that from this early secondaiy date 
to the most recent (Siwalik) tertiary times no disturbance took place in the 
region of the Jhelum, that is, in a part of the country to which the present 
remarks refer. The later observations of Mr. Lydekker on the carboniferous 
series of Kashmir, indicating separated areas of deposition, and the denudation 
•of the Attock slates of Hazdra, besides the evidence afforded by the fragments of 
ancient gneiss in the Pangi series and rolled quartzite pebbles in the Tanol 
conglomerates, all these would seem to point to various stages of disturbance 
and repose of earlier date than mesozoio times in the western Himalayan 
regions ; the absence also of two of the mesozoio formations, so far as dis- 
tinct records go, in Kashmir, together with that of the great eocene hill-limestone 
so largely developed in Hazdra, may possibly be connected with distribution of 
depositing areas consequent upon elevation in later mesozoic times. Hence the 
localization of the central Himalayan disturbance, with regard to the deposition 
of the later tei*tiaiy groups, may bear limitation to the early eocene period ; and 
the discordance between the Hazara and Kashmir series may be due to more or 
less local or intense disturbances of these mountain regions at various dates from 
an early palceozoic to the most recent tertiary or even post-tertiary period, if the 
dip of the Karewahs is attributable to elevation along the Pir Panjdl range or 
subsidence on the oppositemde of the Kashmir valley. 

10. PoaUt&rtiary deposits . — These are not so prominently seen in Upper 
Hazdra, as in the lower country to the south-west, but the Pakli valley and the 
Hazdra plain are filled with detrital accumulations which may be referred to the 
older kind of alluvial formation. There are also semi-fan-like accumulations in 
the neighbourhood of Abbottabad, and thence towards Mdnsahra. the original con- 
tinuous surfaces of which have long since been deeply cut into by the torrential 
streams of the country, indicting a considerable age for these fans. 

The detrital accumulations of Lower Hazdra^ and the Dote river are largely 
format of slate debris : and the gneissic or syenitie gravel, found further west 
tewardsthelndtu^hasnotbeen sem& lmeath these defosi^. In parts of the Pakli 
he^wever, i found a bhiestofie ^d^ sometimes clegi^ted by caidHW 
Inuie^ wMch appears moat probably to have come tbs souiherh mesozoic or 
eooSne hills, as it was met of the p 

r it s«siimfo mevery pxebabfo;^t^ sams age as: the 
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Karewahs of Kaslimlr ; but I wcaiuld not on that account convey the idea that 
they were of Siwalik or even of tertiary age. 

11. Alhivmm and river deposits. ^The alluvium of thoDore and other rivers of 
Hazara, in low situations, is of light drab silt, not calling for particular notice. 
Along the Indus the river deposits occur for considerable spaces in the form of 
terraces, rising to more than 100 feet above the river. The material brought 
down by this river is also more sandy than in other cases. 

A good example of the fan-form of river deposit occurs a couple of miles 
north of Garhi, along the lower part of a mountain torrent from the Lachikun 
range. The outlines of similar fans were also seen far above the highest point 
visited ori the Indus, but within the Amb territory, which is difl&cult of entry 
without much official correspondence with the political officers. 

12. Northern drift . — I use this term instead of the more simple one erratic 
drift,” which would appear to convey to some Indian geologists a closer connexion 
with glacial geology than is necessary to the purpose. By northern drift then 
is here meant that influx of travelled masses, which has followed the course of the 
Indus from the north, and been distributed over large spaces of the Bawalpindi 
plateau, to a distance (I am informed by Mr. Theobald) of 25 miles from the 
river. These blocks are easily recognizable all along the Upper Indus, as far as 
I went, to be the same as those further down its course. They often rest on tlie 
terraces, and some of them ar<^|pf^Sp^y large size. They are even more numerous 
along the narrow part of the river valley than in the lower country. This drift of 
foreign or transported blocks has penetrated from the northwards up the course of 
the Sirun and Dore discharge, as far as the point where their united valley begins 
to cut across the end of the Gandgarh range ; and at one or two points huge boulders 
of granite or granitic gneiss seem once to have almost entirely blocked the valley. 
One of these boulders, between the Turbela-Haripur road and the river Sirun, 
composed of a fine grained granitoid rock, not the Hazara gneiss, measured 22| 
feet X 36 feet X 24 feet, and has a girth of 109 feet. 

The boulders are scattered over a considerable space eastward of this stream, 
whore the ground is lower than to the west, and there is a regular drift of well- 
rounded gneiss blocks, often larger than paving stones, which terminates in two 
high mound- shaped hillocks at the upper end of the gorge near D4re village. 
This disposition of the transported materials shows that many of them may 
have found a passage through this opening, and floated away to the southward, 
if rafted by ice, at a time when the Indus ran at a higher level, and most of the 
lower country may have been occupied by a lake. Some large limestone blocks 
(from what ,^onp derived being uncertain), which occur near Sultfinpur on the 
Horlpur — Hasan Abdal road, may bp connected with this line of transport. 

, remarkable and very toge mass of the triassic or supra>>trias limestone of 
res^ perchjsd ataboutj ASOO feet on the i^te, hills of the opposite side^pf 
th6 TOU^ abc3TO thpvill^ Iti8fe)m 2S to 35 feet high* arid 127 paoes 

in TO have pipped from the fijirban mountain 

at a bpt^n it and that ai^vation had not been e 3 ?ca^ 

v^ted, aria fphcible have somewhat disturbed the 
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the action of ice, nor could I see any remains of a moraine an the vicinity. 
Indeed, these latter evidences of glacial agency have never presented themselves to 
notice in any part of Haz&ra I have as yet seen, though Mr. Theobald informs 
me ho has found glacial striae on one of the large fragments of quartzite, a short 
way below . Turbela. Quartzite of the" Tanol group occurs in the immediate 
locality, but it would be next to impossible to identify one of the stream blocks 
with the rock of the vicinity, or to prove the former existence of a glacier at tho 
spot from the existence of striation under such circumstances. 


DONATIONS TO THE MUSEUM. 

1st January to 31st March 1879. 

Donors, 

Native gold and auriferous quartz from Wyndd (9 specimens). 

Colonel The Hon’ble Sir Andrew Clarke, R. E. 

Samples oiLila (cupric sulphate), Kasis, (ferric sulphate), and PhitJeiri (alum) 
from the Khetri Copper Mines, R^jputdna. 

Col. W. H. Beynon, 
Political Agmty Jaipur, 

. Lieut.-Col. J. Johnstone, 

Political Agent, 


Specimen of copper ore from Manipur. 


ADDITIONS TO THE LIBRARY. 

From 1st January to SIst March 1879. 

Titles of Boohs, Donors. 

Abstracts of the Reports of the Surveys and of other Geographical Operations in 
India for 1876-77 (1878), 8vo, London. 

India Office. 

Bertrand, E. — Note sur I’andalusite du Brazil et sur les roches de Siam (1878), 
phlt., Paris. 

The Author. 

Bronn, Dr, H. G.— Die Klassen und Ordnungen des Thier Reichs, Band I, II, 
III, Abth. 1 and 2, Band V, lief. 1-24, VI, Abth. I, lief. 1-3* 
A.bth. II, lief. 1-23, Abth. IV, lief. 1-6, Abth, V, lief. 1-20 
(i859-78) 8vo, Leipzig. 

Chambers, 0.— The Meteorology of the Bombay Presidency, witji Atlafif (1878),, 
4to, London. . „ * 

The Sboebtaby op State por India. 

Gottbau ANDTBiGER.-rBobmides duDdpaitement dela S^he, pp. 386-455 (186^)j 
8vb, Paris.' ■ 

Etheridge, Rob.---»A catalogue of Fossils ( 1876 ), 8vo,tJaanbridge. . 

Annals and Magazine of ^Natural History, 6th Series, Vol. ll, 'No, 12, said 
Vol HI, Nos, 18-14 (1878-79), 8vo, Londoii. 
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Titles of Bools. Donors. 

Oeinitz, Dr. H, B.-— Djas oder die Zecbsteinformation mid das RotUiegende, 
Heffc. II (1862), 4to, Leipzig. 

Green, Miall, Thorpe, RtiCKlsR, and Marshall, Profs. — Coal ; its liistory and 
uses (1878), 8vo, London. 

Hauer, Franz, Bitter von. — Die Geologie and ihre Anwendmig anf die Kenntniss 
der BodenbersohafEenheit der Osterr-Ungar-Monarcliie, 2nd 
edition (1878) 8vo, Wien. 

Heer, 0. — Flora fossilis Arctica. Band V, (1878) 4to, Zurich. 

Heim, Albert. — Untersnchungen Uber den Mechanismns der Gebirgsbildung, 
Band I and II, with Atlas (1878), 4to, Basel. 

Liddell, H. G., and Scott, R. — A Greek-English Lexicon. (1869), 4to, Oxford. 

Lyman, B. S. — Report on the 2nd year’s progress of the Survey of the Oil Lands 
of Japan (1878), 8vo, Tokei. 


The Author. 


MoJSlsovics, Edmund. — Die Dolomit-RifEe von Siidtirol und Venotien, heft. I-III 
(1878), 8vo, Wien. 

Naumann, C. F. — Lehrbnch der Geognosie, Vol. Ill, pts. 1-3 (1866-72), 8vo, 
Leipzig. 

Ribeiro, CARLOS.-*-Noticia de Algnmas Estacoes e Monnmentos Prehistoricos 
Memoria Apresentada a Academia Real das Sciencias de 
Lisboa (1878), 4to, Lisboa. 

The Author. 

Scientific results of the second Yarkand Mission, based upon the collections and 
notes of the late Ferd. Stoliczka. 

Geology by W. T. Blanford. 

Reptilia and Amphibia by W. T. Blanford. 

Mollusca by G. Nevill. 

Neuroptera by R. McLachlan. 

Hymenoptera by F. Smith. 

Ichthyology by F. Day, (1878), 4to, Calcutta. 

Department of Revenue, Agriculture and Commerce. 

Smith, Dr. Wm. and Hall, T. D. — A copious and critical English-Latin and 
Latixt^English Dictionary 8rd Edition (1878), 8vo, London, 

Trosgebl, T. H.—Das Gebiss der Schnecken, Yob 11, lief. 5 (1878), 4to, Berlin. 


PERIODICALS, SERIALS, Ac. 

Journal of Soie^ and Arts, Srd Series^ T ol. ETI, Ho. 95 (1878), 8vt>, 


Hew HaveH^ 




ThB SstXOBS. 

1. iSfo. 4 and Tt, istm, 
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Titles of Boohs, Donors, 

Archiv fur Naturgesohiclito, Jahrg. XLIV, heft. 4, and XLV, heft. 1 (1878-79), 
8vo, Berlin. 

Athenesum, Nos. 2668-2678 (18?8-79), 4to, London. 

Beiblatter zu den Annalen der Physik und Chemie, Nos. 1-2 (1879), 8vo, 
Leipzig. 

Biblioth&que Universelle et Revue Suisse, New Seriesi Vol. LXIV, Nos. 251-252 
(1878-79), 8 VO, Lausanne. 

„ „ Archives des Sciences Physiques et Naturelles, New 

Senes, Vol. LXIV, Nos. 250-251, (1878-79), 8vo, Geneva. 

Chemical News, Vol. XXXVIII, Nos. 994-1004 (1878-79), 4to, London. 

Collieiy Guardian, Vol. XXXVI, Nos. 937-947 (1878-79), fol., London. 

Geographical Magazine, Vol. V, No. 12 (1878), royal 8vo, London. 

Geological Magazine, New Series, Decade II, Vol. V, No. 12, and VI, Nos. 1-2 
(1878-79,) 8vo, London. 

Iron, New Series, Vol. XIII, Nos. 312-319 (1879) fol., London. 

Just, De. Leopold. — Botanischer Jahresberichte Jahrg. IV, heft. 3 (1878), 8vo 
Berlin. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 
5th Series, Vol. VI, Nos. 39-40, and Vol. VII, No. 41, 
(1878-79), 8vo, London. 

Mining Journal with Supplement, Vol, XL VIII, Nos. 2259-2270 (1878-79), fol., 
London. 

Monthly Journal of Science, 3rd Series, Vol. I, No. 62 (1879), 8yo, London. 

Nature, Vol. XIX, Nos. 476-486 (1878-79), 4to, London. 

Neues Jahrbuch fUr Mineralogie, Geologie und Palceontologie, Jahrg. 1879, heft. 
1-2 (1879), 8vo, Stuttgart. 

Palsaontographica, Band XXV, lief. 6, and Supplement III, lief. I, heft. 3, and 
Hef. II, heft. 2 (1878), 4to, Cassel. 

Pal^ontologie Fran9aise, 1st Series, Animaux Invertebr4s, Terrain Jurrassique, 
Liv. 40 (1878), 8vo, Paris. 

Pbtbemann, Dr. A.— Geographische Mittheilungen, Band XXIV, No. 12, and 
XXV, Nos. 1.2 (1878-79), 4to, Gotha. 

„ „ Supplement, Band LVI (1878), 4to, Qntha. 

Professional papers on Indian Engineering, 2nd Series, Vol. VIII, No. 31 (1879), 
^ Svo, Roorkee. 

Tbohasok Oolleoe of Civil BNOiNEERim 

Quarterly Journal of Microscopical Soienoe, Nos. LXXII and LXXtII,* (1878-79) 
8vq, London. 

Quarterly Journal of Science, Np. LXI (1879), 8vo,, London. ■ 

Report the 4^iih Meeting erf the Bri^^h Ae^ciatioh .th4 Advancement of 
, 1877, (1878), 8t«,; 

' ' London. „ \ 

Bejwriia of ihe 

■ 188 ^^' '( 1878 ), ■ ; .. 

Uhfe Goplogieid Bocoird lor 187^ (1878), ,8to, Lesion.' 
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GOVERNMENT SELECTIONS, &c. 

Titles of BooJas. Donors, 

Ah»$AM. — Report on the Administration of the Province of Assam for 187?-78 
(1878), 8vo, ShlUong. 

Chief Commissioner of Assam. 
Hyderabad. — Report on the Administration of the Hyderabad Assigned Districts 
for 1877-78 (1878), flscap., Hyderabad. 

The Resident. 


India. — Blioi, J.— Report on the Meteorology of India in 1877 (1879), 4to, 
Calcutta* 


Meteorological Reporter. 


Report on the Administration of the Meteorological Department of the 
Government of India in 1877-78 (1878), 4to, Calcutta. 

METEOIiOLOOICAL REPORTER. 


„ List of officers in the Survey Department on the 1st October 1878 
(1878), flscap^, Calcutta 

Dept, of Reve., Agrig. and Commerce. 

India. — Powlett, Major P. W. — Gazetteer of Ulwar, (1878), 8vo, London. 

Foreign Office. 


Report on the Administration of the Persian Gulf Political Residency, 
(1878), 8vo, Calcutta. 

Foreign Office. 


Mysore. — Report on Public Instruction in Mysore for 1877-78 (1878), flscap., 
Bangalore. 

Chief Commissioner of Mysore. 
„ " Report on the Administration of Mysore for 1877-78 (1878), flscap , 
Bangalore. 

Chief Commissioner of Mysore. 
Punjab. — Administration Report of the Punjab and its dependencies for 1877-78 
(1878), 8vo, Lahore. 

The Punjab Government. 


Selections from the Records of the Government of the Punjab, New 
Series, No. XV. The “ Chos ” of Hoshiarpur, by B. H. 
Baden-PoweU> 1879, 8vo, Lahore. 

Tbs Punjab Government* 


TRANSACTIONS, PROCEEDINGS, Ac., OP SOCIETIES. 
BEALl[ir,««*Monatsberichi der kMig* Prehss, A]cad. der Wissensohoften m Berlin, 
September, Oetf^r, aijd November (1878), 8vo, Berlin. 

The Academy. 

„ 2clteohrift der Dcuteohen OeologiAchen OedeUschalt Band XXX, heft* 
4 (1878), 8vo> Berlin. 


The Society* 
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Titles of Boohs, Donors, 

Breslau. — Portsetzung des Verzeichnissea der in don Schri^n der Sclilesischen, 
Ge^Uachaft fiir Vaterlandische cultnr von 1864f76 (1878), 
8vo, Breslan. ^ 

The Society. 

„ Punfundfunfzigster Jahres-Bericlit der Schlesischen Gesellschaft fUr 
vaterlandisclie cultur 1877 (1878), 8vo, Breslau. 

The Society. 

Brussels.— Annuaire de L’Acad6mie Bojale des Sciences de Belgique, 1877-78 
,(1877-78), 8vo, Bruxelles. 

The Academy. 

„ Bulletins de L’Acad4mie Royale des Sciences do Belgique, 2nd Series, 
Vols. XLI-XLV (1876-78), 8vo, Bruxelles. 

The Academy. 


„ Bulletin de la Soci6t4 Beige de G^ograpliie, No. 5 (1878), 8vo, 
Bruxelles. 

The Society. 

„ M^moires Couronn^s et Autres M^moires puJblids par rAcad^mie 
Royale de Belgique, Vol. XXVII-XXVIII (1877-78), 8vo, 
Bruxelles. 

The Academy. 

„ M^moires Couronn6s et M^moires des Savants Strangers publi6s par 
TAcad^mie Royale de Belgique, Vols. XI and XLI (1876 
and 1878), 4to, Bruxelles. 

The Academy. 

„ M^moircs de L’Acad^mie Royale des Sciences, des Lettres et des 
Beaux Arts de Belgique, YoL XLll, (1878), 4to, Bruxelles. 

The Academy. 

• Namur, A.— Tables de Logaritbmes (1877), 8vo, Bruxelles. 

The Academy. 

Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Vol. XL VII, 
Part I, No. 4 (1878), 8vo, Calcutta. 

The Society, 

„ Proceedings of the Asiatic Society of Bengal, No* X, December, and 
No. 1, January (1876-79), 8vo, Calcutta. 

The Society, 

„ Memoirs of the Geological Survey of India, VoL XIV (1878), 8vo, 
Calcutta. 

■ The Survey. 

„ Pilfieontoloj^ Ihdicai it, 3, and Sories XII, 1 (1879), 4tor 

Th)bSurv^'t. 

“ Records df the of Vol XO, Part l<18705, 

8vo, Qrioutta. ■ 

• ' \THE:SuAm.'' 
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CoPENHAGEK.-«M4moires de L’ Academic Eoyale de Gopenliagen, 5th Series, Yol. 
KlI, No. 3 (1878), 4to, Copenhagon. 

The Academy. 

Dublin. — Proceedings of the Royal Irish Academy, Series II, Vol. III,. No. 2, 
(1878), 8vo, Dublin. 

The Academy. 

„ Transactions of the Royal Irish Academy, Vol. XXVI, Science No. 17. 
(1878), 4to, Dublin. 

The Academy. 

Geneva. — ^M5moires de la Soci^t5 de Physique et d’lTistoire Naturelle de Geneve, 
Vol. XXV, Part 2, and XXVI, Part 1 (1878), 4to, 
Geneva. 

The Society. 

Lausanne.— Bulletin de la Soci4t5 Vaudoise des Sciences NatureUes, Vol. VII, 
No. 60 (1863), 8 VO, Lausanne. 

The Society. 

LiifcGB.— Axmales de la Soci6t6 G4ologiqao do Belgique, Vol IV, (1877), 8vo, 
Liege. 

The Society. 

London. — Catalogue of the Library of the Museum of Practical Geology and 
Geological Survey (1878), 8vo, London. 

The Museum. 

„ Journal of the Anthropological Institute of Groat Britain and Ireland, 
Vol. VIII, No. 2, November (1878), 8vo, London. 

„ Proceedings of the Royal Geographical Society and Monthly Record 
of Geography, Vol. I, Nos. 1-2 (1879), 8vo, London. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXIV, 
Part IV, No. 136, with list of Fellows for 1878, (1878), 8va, 
London. 

The Society. 

Madeid.— Boletin de la Sociedad Geographica de Madrid, Vol. IV, No. 6, and 
Vol. V, Nos. 2 to 4 (1878), 8vo, Madrid* 

The Society. 

Melbourne. — Report of progress by the Secretary for Mines, No, 5 (1878), 
royal 8vo, Melbourne. 

The Secretary for Mines. 


NiBW Haven. "-TrausaotionB of the Oonnocticut Academy of Arts and Sciences, 
Vol. HI, Part 2, and VoL IV, Part 1 (1877^78), 8vo, 
New Haven. 

The Academy. 

PARts.^i^Btiilrtiii de Ja Soci6t6 04ologique de France, 8rd Series, Vol. VI, No. 4 
(1878); 8vo, Paris. 


The SoozExt. 
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Philadelphia.— -Journal of the Franklin Institute, 3rd Series, Yol. LXXYI, * 
Ko. 6, and Yol. LXXYII, Nos. 1-2 (1878-79), 8vo, 
Philadelphia. 

The Institute. 


Kome. — ^Atti della Beale Accadexnia dei Lincei, Series 111, Transunti, Yol. Ill, 
Nos. 1-2 (1878-79), 4to, Rome. 

The Acadbmt. 

„ BoUettino R. Comitato Geologico d’ltalia, Nos. 11-12 (1878), 8vo, Rome. 

. The Commission. 


StDnet.— Clarke, Reyd. W. B. — Remarks on the Sedimentaij Formations of 
New South Wales, 4th Edition (1878), 8to, Sydney. 

Royal Society, New South Wales. 


Sydney. — Journal and Proceedings of the Royal Society of New South Wales, 
Yol. XI, 1877 (1878), 8vo, Sydney. 

The Society. 


„ Rae, John. — Report on the construction and working of the Railways 

of New South Wales during 1876 (1877), flscap., Sydney. 

Royal Society op New South Wales. 

Turin. — Atti della R. Accademia delle Scienze di Torino, Yol. XIII, Nos. 1-8, 
and XIY, No. 1 (1877-78), 8vo. Torino. 

The Academy. 


n 


BoUettino deirOsscrvatorio della Regia Universita 
XII (1877), 4to, Torino. 


di Torino, Anno 
The Academy. 


„ Memorie della Reale Accademia deUe Scienze di Torino, 2nd Series, Yol. 
XXIX (1878), 4to, Torino. 

The Academy. 

Tuscany. — Processi Yerhali della Societa Toscana di Scienze Naturali, 21st 
Januaiy 1879 (1879), 8yo, Tuscany. . 

The Society. 


Vienna. — Jahrbuoh der kais. khnig. Geologischen Reichsanstalt, Band XXVIII, 
No. 3 (1878), 8vo, Wien. 

The Institute. 


„ Yerhandlungen der kais. kSnig Qeologischen Re ichsa n stalt, Nos. 11-18 
(1878), 8yo, Wien. The Institute. 

WASlHlft<i^E>^HAYDNN, P. V.--*-Gai»lbg^ of the ]y||i1btt|^iuons iA the U. S. 

GwlogicW eiiEid ($e(^pt«|>hical Sur^e^ Temtories, 3rd 
Edition (1879), 8^ Washington/ / 

^ F.V.Hatde^,1s<1, 
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On the oboiooioaxi mTURES or the NORTiaBBN PART OP Madora District, the 
P oDUKOTAi State, and the southern parts op the Tanjore and Trichinopoly 
Districts ihoeuded wiiuin the limits of Sheet 80 of ihe Indian Axlas, 
by R. Bruce Foote, F.G.S , Geological Sv/rvey qf India* 

I.--TNTEODUCTOBT, 

The “countiy to bo noticed in tlio following pages belongs partly to the Madura, 
Tanjore and Triobinopoly districts, partly to the native state ol Pudu- 
kotai (Poodoocottah) or Tondiman. Topographically this icgion may bo 
doscribod as a gently undulating inclined plane rising very slowly westward 
from the delta of the Cauvery, or the sea board. It is only m tho western 
part that the surface is broken by a few low but steep hills rising in the gneissic 
area, and by tho linos of scarp corresponding generally with tho western boun- 
dary of tho laleritic formations, which occupy by far tlie greater part of tho 
country now under consideration. 

The hydrology of this area is of very simple character, all tho drainage 
H drology. falling in a general south-easterly direction into tho 

section of the Bay of Bengal known as Palk*s Bay, by 
eight principal streams. These streams are, with one exception, quite of small 
size, the exception being the Vaigai (Vygah) which drains the central part 
of Madura district. Of the others the two most northerly are really branches of 
the Cauyeiy proper; they are the Kori4r (Coray^aur) and Pam4ni4r (Pan- 
tnaney-aur), the former running parallel with, but a little distance from, the 
western bcundary of tho southern part of the delta, the latter flowing partly 
jnet within the delta, and partly within the lateritic area, this latter part of its 
oouree being apparently of artificial origin. 

The Ikani-Ar (loauney-aur) which fells into the bay to the south-west of 
Adratapatafe rises in the Trichinopoly district, close to IlUpur, has a ecnrso 
oaJy about fifty miles, mA is rather torrunt-Jike in its behaviour in wet eeas^. 
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Tho Voll4r (Vollatir) which rises among the hills west of the Trichinopoly- 
Madura road; in Lat. 9® 26 ' and Long. 78® 20', is also very torrential in its charac- 
ter, rising suddenly in high freshes of short duration which cutaway tho banks or 
excavate side channels. According to the map (sheet 80 of tho Indian Atlas), 
Hie Vc^lldr forks, near tho coast, into two branches, represented as of equal size, 
tho northern branch being known as the Narasinga Oauvery, How the topogra- 
phical surveyors came to show this phenomenon is hard to understand, for it 
does not exist in nature. The northern branch does not occur as shown, the so- 
callod Narasinga Cauvery being in reality nothing more than an insignificant 
irrigation channel of such small dimensions that I crossed it repeatedly near 
Arran tangy without noticing it, though I was looking for it. The southern branch 
shown in tho map is a genuine river, 200 to 300 yards wide and of considerable 
depth at flood times. Like the other rivers, in this region tho Velldr proper flows 
in a distinctly marked alluvial valley, while the Narasinga Cauvory channel loaves 
tho alluvium immediately below its head, and traverses an unaltered tract of 
latcritic sand till it roaches tho coast alluvium. 

Next comes tho Pambdr (Paumben-aur), which rises to the west of Trimiom 
(Tirmium) in Pudukotai. 

Of the three remaining streams, the Manimut-dr,i or Tripatur river, tlio 
Sorruvayal (Iloop-aur of sheet 80), and the Vaigai, only small portions of their 
courses lie within our area. The Maniinut-dr gatliers the drainage of the eastern 
end of tho Sirumallai, a considerable mountain lying to the north-by-oast of 
Madura, and of the hills lying north of Nottam in Madura and Trichinopoly dis- 
tiicts. The Serruvayal rises on the high ground eawl of the Trichinopoly-Madura 
road near Molar (Mailore), and tho Vaigai (Vygah) takes its origin at the head 
of the great Cambam valley on the eastern side of the Southern Ghdts. Tho 
headwaters of the Vaigai drain only tho eastern scarp of the ghats which ro- 
coivos but a very limited supply of rain, the watershed of the whole mountain 
mass lying in this quarter along tho easternmost ridge, hence tho river is of 
much less volume and importance than might bo expected.® 

The geological structure of tho area here treated of is as simple as its topo- 
Geological formation. grapUonl fcatnros, all tlio rocks mot with being roforahlo 
met with. to but six divisions, which are here given in their des- 

cending order: — 

6. Soils and subadrial formations. 

6. Alluvial formations, morino and fiuviatilo. 

4. hateritiu conglomcratoH, gravels and sands. 

8. Cuddalorc sandstones, grits and oonglomorates. 

£. Upi>er Gondwdna bods. Hard mottlod shslob. 

1* Oiu^ssio or motatnorphic rocks. 

^ The name Ymlnday^anr given to the Tripatur river on slioci 80 is not recognized by tho 
uattves for the upper 6t middle part of the course. They all call it tho Hanimut4r. 

* A noble project for turning into tha Vaigai tbe surplus waters of ouo of tbe principal nvors 
now Aoa^ing io iraste in tho Ooohin baokwaler has been long and earnestly rccommondod hj tho 
Madree As the sonth^^west monsoon mins nevco* fail eompletuly on the higher ridges of 

the ghdte^ this project of Growing a vast supply of water across the probont watershed would, if 
carrM out, confer an immense boon upon tho hot and now too often drought^stricken plains of the 
Maduva couiktry. 
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Tho giiei$sic5 rocks occupy tlic western part of the area to bo described, and 

Tlie gneiBsic series. form the highest prominences in it. Amongst thorn are tho 
lino of hills stretching from south of Kolatur (Colatoor), 
south-south- westward to the Pudakotai-Illipur road, near Annavassol ; and sovoral 
small granite gneiss hills to the south of the Vcllir, at and near Trimiem, 
Between the valley of the Manimut*>&r and that of the Vaigaiat Madura, a number 
of hills of small height, but often of very striking outline, occur doited about at 
no great distance from the eastern boundary of tho gnoissio area. Between those 
hills the general surface of the gneiss country is gently undulating. 

A considerable part of tho surface of tho gnoissio rocks is occupied by debris 
of tho younger overlying rocks, which have been in greatest part destroyed by tho 
denuding agency of atmospheric forces. 

The rocks assigned to tho BdjmahM section of tho Upper Gondwdna system 

IWimoMl seoondaiy rock^ oxpoft^d, and thoir contact with llio 

gneiss was not visible, but there is no reason from tho 
analogy of other parts of tho Coromandel coast to imagine that their base rests 
on any tiling elso than the gneiss. 

Tho Cuddalore sandstones and grits rest, wherever their base is exposed, on tho 

Cnddalore tortiaiy rock*. ‘’f *^0 gnoissio rocks, and are tW 

selves overlaid by latenhc conglomerates, gravels and 

sandH, tho relations between tho two being extremely obscure from tho gi’cat 
petrological similarity of two of tho principal members of either group, and 
from tho exceedingly limited nnmber and unsatisfactory character of tho sections 
in which tho two series oro exposed in juxtaposition. 

Tho total absence of organic remains from both series greatly increases the 
diliiculty of dealing with thorn. Tho unconformity of the two groups is inferred 
from tho extensive overlap of tho younger of tho two. Tho stratigraphical 
phenomenon of overlap generally involves unconformity between tho formations 
affected by it, but no positive physical necessity exists that there should be 
such unconformity in every case, and I have been often strongly tempted to think 
that in this region it is a case of non-proven. Only ono section was soon in 
which unconformiiy could be demonstrated, and in several of the best sections 
there is a passing of true mottled gnts, which may belong to either group, into 
latcritic conglomerates of the most typical character, instances of which will be 
adduced further on. 

The Cuddalore conglomerates, sandstones, &c., appear to he tho lower part of 
ono formation; the lateritio conglomoratos (mostly), gravels and sands the 
upper part of one and the same group of rocks ; mottled grits of both ages 
apparently lying in between. 

The conglomeratic hods of both groups occur in tho western^ parts of the 
areas, and generally close to the boundary, at which they are mostly well displayed. 
Tho gravelly aud sandy members of the lateritic p>up occupy the eastern 
part of the slope, and sink in most oases veiy gently 
below the delta of tho Cauvery, or the coast alluvium. 


The IstorlUc rooks. 


' North of our arcs the conglomerated forme are best seen along the noHhm bonndeyy ef 
the formaUon between VoUam end Tanjorc, 
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The lateritic area U divided by iho alluvial valleys of the several rivers 
above euuineraied into various pashes, of which the most northerly are by far 
the largest in area. These patches will be found describod and named farther 
on. 

Of the alluvia there is very little to say. Only a strip of the southern part 

,, . of the Cauvery delta was examined. The marine allu- 

The allnv.«. ^ ^ Adrampa W 

corner, and the river alluvia are of no great extent or importance. Owing 
to the great extent of wot cultivation carried on along the various rivers and 
under tanks constructed across their tributaries, the apparent area of the allu- 
vium hat, in iho course of many centuries, been largely increased by the forma- 
tion of artidcial alluvial spreads, the boundaries between which and the true 
alluvia it is in very many, if not in most, cases impossible to determine with any 
accuracy, 

The several rock groups will bo most conveniently studied by taking them in 
ascending order. 


II.— TBB ONXISSIO OB HETAMOBPHTO BOCKS. ^ 

The prevalent form of gneiss in this region is quartzo-felspathic micaceous 
granitoid or semi-grtoitoid gneiss, of pinkish or groyish- 

OranuUr quartzoae colour. In texture it varies from a massive, coarse, 

highly granitoid rock to a sdbistose gneiss nearly akin to 
mica schist. A very marked variety which is of common occurrence is a coarse 
granular quartz rock very rudely bedded and showing numerous small indistinct 
cavities from which some mineral has been weathered out. In some oases theso 
cavities arc filled with an earthy form of dark red or brown hamiaiite. The 
cavities lie in the planes of lamination (ooinoiding with the bedding), and 
indeed but lor tho cavities the lamination would not be visible in most cases. 
The mass of tho quartz is in places not unfroquently veiy translucent and 
Titi’OOas in texture. 

Hornblondic varieties of gneiss are very much less common in this region, 
and talcoso or chloritio schists were nowhere observed. Ferruginous schists 
are extremely rare ; no example of haematite schist was met with, and only one 
example of magnetite schist. 

Finely bonded granite gneiss of dense grain occurs hero and there largely, 
as at Tirkomum, west of Pudukotai, and at Ammachattram on the Triohinopoly 
road* 

Tho lin0 of hills already referred to {|>age 148) which cuts the Triohinopoly iroad 
south of Kolatur, uud forms the Alnmttimallai^ and Karthomallai, consists 
of bauded slightly horublendio granite gneiss of pale grey color wea&eving to 
pale dirty flesh color, and shorribg oharoGtOrist^ bam rooky masses. Tors are 
imt icMrMdS, or abundant, bn^ there Is much ws^ering along the lines of 

’ the name of thh iSaSs AouH be ealled Mvhst^xama-painain. 

S dlmrutd ^ ^ Man''rolliiig kiU*' abtatcid tts name from the tprootloe adopted 

erlmlaalii ly rolUog them otlrr tho great pveeipiee on the eouth 
mde of the hiA* ^ hOSi b Shout 400 in height, and the upper pert of the great south eearp 

overhangs sUghtly* 
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outcrop aud along the plane of an important joint occupying a nearly hori* 
ssontal position, giving rise to numeifOus low caves and rook^shelters which arc 
yet used for various purposes hy the field labourers. Tho bastet edge of tho 
bedding coincides with tho run of tho hills, and the dip is westerly. A good 
specimen of a rock^cut Hin du temple is to bo seen on the oast sido of Nartha* 
maUai, and near it are some largo holes, now fall of water, foxmed apparently 
by the weathering out of lenticular masses of moi*e perishable rook. 

Tho Annavassel hills are of very similar petrological character, and so also is 
the bold rocky mass of tho KudumimaUal (Kodcmcahmallai), four miles further to 
the south-west, so called by tho natives from a fancied rosomblance to the lock of 
hair worn by orthodox Hindus at the back of their heads. 

These hills are almost bare of vegetation owing to their very rocky character, 
but to tho east of Narthamallai is a ridge of tho highly crystalline quartzoso rock 
above mentioned, which crumbles by weathering into a coarso grit thickly covered 
by heavy thorny scrub* Very little rook is to be soon bore, and tho contrast 
between the two ridges is very marked. The bedding of this quartzoso rock 
is very obscure, but still traceable by the lines of hssmatitio grains which 
form discontinuous laminae. A precisely similar rock, probably tho extension of 
tho same bed, is to be seen a littie south-east of Pilliur (Pilleoor), eleven miles 
to the north-east-by-north. No other minerals could be traced in this I'ock. This 
band of granular quartzoso gneiss shows also strongly to the east of tho Anna^ 
vassel bill, and is doubtless connectod with more southerly outcrop of similar 
rock, as, for example, that on tho south bank of tho Velldr, close to Komanur. 
Still further south this very peculiar variety of gneiss occurs largely, and forma 
several low hills and ridges which, though nowhere of auy height, are yot con- 
spicuous from their light color where not covered by jungle, or from their being 
crested by narrow ridges of bold blocks and tors. Among these the following are 
noteworthy: the Neddamurrum hill, three miles north-east of Tripatur, tho 
Manmallai (Munmullay), the north-eastern extremity of a long low ridge which 
crosses tho Tripatur-Sivaganga high road, and may bo traced for some thirteen 
miles to the west-south-west. This, which in parts is crested by a row of striking 
tors, forms for a distance of fully ten miles a perfectly straight boundaty lino 
on which the western edge of the Sivaganga (Shevagunga) latoritio patch abuts. 

Another ridge, about 250 feet high and three miles long, lies between two and 
three miles north-west of the Manmallai, and is locally known as the Yorimallai. 
In both these ridges the beds have a very high westerly dip, ranging from 75® 
to nearly, if not abaolptely, vertioed. Very similar to both these ridges is another 
which abuts on the left bank of the Vaigai river, about tonr miles south-east of 
the town of Madura, and which exteuik east-north^eaat towards and apparently 
joins the row of huge tors vrWdh cuhnipates in the Trivadur trigqn<;>metrical 
station hill. JBeaides the outcrepi of the granular qpartsose gneiss above meth 
tioned threo other, iqoonrrences of it should be noted j tfiese are a Wd oocnrring 
about two a Mf miles east ^ which is j^oSsibly a continuatloii ^ 

the Keddti||nuiTtm beds heforo to. The gnelMo »ock seen in the inlier. 

south of ^miM is a sMlar gram%!^ qmrtme Yuri^y the fsrest of Ibaseet 
edge from Vhioh the^^0Terlying Jaterite hm* been dehnd^. 
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Unconnected with any o| tho above bods is a band of tho grannlar rock at 
Mallampatti (Mullamputty), forming a low rocky ridgo, Tho bedding in this 
ease is extremely obsonro and doubtfuL 

A groat show of beantifully banded micaooons granite gneiss is to be seen at 
Viraliimallai, a bold rook crowned with a temple of some 
g*»oias out- about twenty miles soutli-wost of Trjichinopoly on 

tho high road to Madura. Tho lamination is in parts 
greatly contorted and “vandykod,” and the pink color of tho rock, banded with 
shades of grey and occasional black micaceous laminas, forms a stono of striking 
beauty. A similar banded, but paler colored homblendic granite gneiss is very 
laigoly quarried at Puliarpathi (Pooliarputty), four and half miles east of Tripatnr. 
Tho rock hero has, however, undergone much less contortion, and tlie bods run in 
a simple ridge coinciding with the strike. Those bods appear to underlie the 
granular quartssoso bods which form tho Neddamurrum hills above referred to. 

Among the more noteworthy outcrops of granite gneiss in tho northern part 
of our area is a band of a pale grey micaceous variety which forms some largo tors 
and bosses at Killnmallai (Killumalla) in the northern oomor of tho bay of gneiss 
north of the Ikani-dr (Tounney-aur) valley. The general surface of the gneiss 
in this hay and south of it nearer Pndukotoi is much obscured by sandy somi- 
latoritic soil. Unoiss crops up only here and there, and mostly in detached 
rounded bosses or ** wliale backs,” as a. by the Konanda Kovil Ix)BSos, and the 
extensive “ whale backs” north-west of Shembatnr. 

The rock forming tho Vellengoody and Kunamulla trigonometrical stations 
lying a little westward of tho gneissiebay just referred to, and tho bosses of gneiss 
north of Kimnr (close to Kolatnr) consist also of micaceous granite gneiss 
distinctly bedded, especially in tho former case. There the bedding is greatly 
crumpled, and tbe rock weathers of dirty pinkish color. The Kunamulla rock is 
more compact, less mioaooous and paler in color. It is quarried, and the freshly 
broken rook is voiy handsome, handed with pale shades of bluish and whitish-grey. 

Where tho gneiss has boon directly overlaid by tho conglomerates and lateiitcs 
of tho younger series, it mostly shows a groat deal of 
yellowish-red (rusty) ferruginous stainiixg and a peculiar 
‘ and characteristio gritty roughness of decomposition of 
the surface not seen where the weathering action has taken place on the long 
exposed surface. 

Other fine outcrops of granite gneiss occur at Suriur (Soorioro) on tho 
boundary of tho laiorite about seven miles north of Kolatnr, and to the west of 
the last place to the north and south of Kaugupatti (Kansgoopntty), and at 
Bhatanpatti and Rapussel (Eanpoossel). There are also numerous fine examples 
of granite gneiss rocks to bo seen on either side of tbe TefiAr valley to the west* 
waid of Tirkomum^ a. y*, at JPerihanad, Ohittur (Bhiteoor), and Surramulla. 
West of tbe latter village i« a superb tor of great WgH ^ conspicuous object 
from considerable distances. MMfst the vfiPteA^e sev^ ridges of gnotes 
the riv^r and divide the attuviad beSin into two parts* The high ground south 
of ibis !Kotur is cTowncd W Several pn^miitent bosses standistg up out of tho 
actrub jungle. 
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In the southern part of our area several noteworthy ridges of granite gneiss 
oC6ur^ 6. g., at and to the north-east of l^lavaladu (KoeloJadoo), also at Molur» 
and last but not least in size or in striking appearance is the ridge known as tho 
Anaimallai (Annamulla) or Elephant hill, hve miles north-east of Madura. This 
last ridge terminates at its southern extremity in a very bold bluif, bearing 
wlien soon from various points a very fair rosomblanoe to a huge elephant, a 
likeness which has given it the name it bears, and connectod it with <he principal 
mythology of Madura and tho famous temple of Minakshi. It is a perfectly 
naked rooky ridge^ about two miles in length, consisting of grey and pale pink 
banded micaceous granite gneiss of coarse texture. The dip of the bedding is not 
distinct; it is, however, mainly westerly, though tho northern extremity looks as 
if it were the remains of an anticlinal fold. 

Tho numerous low rooky hills at and around Trimiem in tho southern part 
of Pudukotai State all consist of coarse, goncially micaceous, banded granite 
gneiss of pale color, varying from pure grey to pinkish or brownish-grey. Tors 
and great rounded blocks are numerous. 

Highly homblondio gneiss is of rare occiirronco in the gnoissic area be- 
iweon the Vaigai and the Oauveiy ; no important beds of it were noted 
anywhere. 


Tho general strike of the bedding trends from west-south- west to east- 


Ooneral fitiike of the 
giicisBic rocks. 


north-east on tho left bank of tho Vaigai river, to north 
and south, or north-by-wost souih-by-co&i, in tho neigh-’* 
bonrhood of Illipur and near tbo northern limit of our 


area as Trichinopoly is approached. 

A small tract of country over which the strike has a totally different ten- 


dency occupies the centre of onr gncissic area, and extends ffom the valley of 
tho Manimut-dr northward to witliin a couple of milos of the Pamb^r valley at 
Trimiem. In the southern part of this tract tho strike vaiies fi*om oast-by- 
south woflt-by-north to north.west-by-west south-east-by-oast ; in the central part 
no woll-boddod I'ocks wore mapped, but in the northern part tho strike changes 
from east- west to east- by-north wost-by-south. 

Only one occurrence of magnotio iron in the ^eiss was mot with ; this was 
about a mile north-east of Mallampatii (Mallamputty), a 
Magnetic iron bed. yiUage in the Pudukotai state nineteen miles north-wost-by-» 

north of the town of Pudukotai. Very little of the outcrop is soon, but a good 
deal of debris of a rich magnetite bed is scattered about the fields a Utile to 
the eusiward of the MaUampatti granular (j[uartzoBO gneiBS ridge above referred 


to (page 146). 


III.— Tue SBiJRitBS. 


Analogy^ with the g0ologlc4 of the mn inorihcm parts of tho 

Ooromoadel coaat would suggest ee oxiramely probable the existenoe south of tho 
Oauvexy of’ repr(W(^ta%os of tapper 0ondw4na irnemm ; and in fact tw 
outcrops of ^ irooW referable on petrolo^oal grounds Series were fjiseovered 

underlying the lateririo rocks lU district to tha iiiortb^astwsr^ e< (Siva* 

gangSit ThS petrological reseStbla^ee, of the shries whiohlStKaour at a matt 
vmsge oaHod Arnmi^patti (not riiowU in the map) lying near 
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ion mileB norih-OAsi^biy'-oasi of Sirnganga, ioveiy great to some of thejxaird shoJee 
' ooonmng at Sripermatur and YamAvaram^ but nnfor- 

AmjMvmpmxwn^ tanatoly no organic remains ootdd be found, though 

very closoly seoxuhed for* The shales are not seen in eUut but only as material 
turned over from the bottom of a small tank south of the vilkgo. A considor- 
ablo quantity, however, was expoi^ in the bank of the tank in clean condition, 
so that the color and texture of the rook could be well studied. The prevalent 
colors are buff and yellow mottled with white. Some quantity was also noted 
of pink color, ranging to red with a ciust of white about ^ to ^ inch in thickness 
along the lines of jointing, which a& sharply cut. 

About a mile south-east of this spot I came upon a small opening in tho 
heavy scrub jungle where much debris of very sandy hard shale, abnost a sand- 
stone, lay mixed up with lateritio debns ; this shale, too, bears a strong resem- 
blance to many sandy shales occurring in the northern outcrops of the Upper 
Gondw&na series* No fossils were here observed, nor was the rock seen 
in sitni the surface at that spot being a dead fiat showing no soH of section.' 
Tho spot whore the hard sandy shale was seen is passed through by the cart 
track leading south-south-eastward to Kalliar Kovil. 

The petrological resemblance qf those shales to members of Bijmah^l group 
(Upper Goudwinas) in the Trichinopoly, Madras, and Ongole areas is certainly 
far greater than their resemblance to any member of tho lateritio series, or of 
the Guddalore sandstone group, that I am acquainted with, but in the absence of 
organic remains, the ago of the Ammersenpatti shales cannot be positively deter- 
mined. 

Very faint traces of drab or bufiy shale were noted in the bank of a tank-woU 
on the west side pf the road to Tnpatur, about tiyo miles north of Sivaganga. 
Only small chips of tho shale were found in tho mass of kankary lateniic 
gravel turned out, and no traces of fossiis could be found.* 

Some connection exists also, unless I am mistaken, between some remarkable* 
bpulder beds, resting upon the surface of the gneiss in 
Boulder beds. quarter, wd the EAjmahfl beds. These boulder bods 

cover a very considerable surlaoe pn the higher ground north-east of Sivaganga, 
and south-west of Serruvayid. Their limits were not determined owing to the 
great defects of the map (sheet 80), and to the difficulty of doing any mapping 
in extensive and think spreads of Ifcrhb jungle lu the absence of any landmarks. 
The boulder beds Cixm best seeh alkihg the road |e(|4hig from Naiarafi^enkottai, 
imrth^tiorthi^estwaffd to KolakatttjJi4?tt Thefjr a-ppoar to be 

due to the arthm df iwf boatb^^ ii^ahoals largo and well- 
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tbe Qoai:^ gimalar gaem are novn mi, rouudied m eHn. J^tacb eoainse atid &ic 
latoriiao dobriii r^te on and amonif tbe boulders No section wee seen showing 
undisturbed laterite m clear juictaposttion to the boulder beds, bui tbe latter bear 
greater resemblance to the beds of similar character forming the base of the 
BajmahSl formations near Utalihr* Sripermatur, and Ongolo than they do to any 
true lateritic ccngtomorate that 1 am aotiuainiod with* 


OunpALOui' Sksibs. 

Tho representatives of the Ouddalorc sonjes (osiablisbed by Mrv H ¥ Blau* 
ford for certain rochs in South Arcot and Triclunopoly districts) which occur in 
our limits consist of coarso oonglomorates, sandstones and grits, the latter pass^ 
ing locally into a rock perfectly undistinguishablc from the common laterite 
which so largely covers the surface in this region. Hero as in so many othoi' 
parts of the Coromandel poast, the Slight slope oi tho country and tho very low 
dip of the rocks have pm'^ented the formation of really valuable natural scciions, 
and civilization has not yet advanced sufficiently to have given liso to any artifi* 
cial ones of importance^ The mttension of wot cultivation greatly militates 
against the formation of deep chauneht by the different smaller streams draining 
the country. All are dammed back at many points of their courses, and 
give rise to the formation of local alluvial flats which only add to ilm obscura- 
tion of the younger rooks, whode relations are therefore generally very unsatis- 
factorily and imperfectly displayed* so that deflnito information regaitiing many 
interosting stratigraphical poiuits is at present not jirocurable Tho total absence, 
so far, of organic remains renders the correlation of detached exposures of even 
similar rOcks of great and inevitable uncertainty Those difficulties present 
themselves saliently in the Tanjore, Pudukotah and Madura districts 

The most northerly section in which rocks, assumedly of Cuddnlore age, are to 
be seen, occurs to the south-oast of the village of Thachen- 
kuriclu (Thaohencoorchy), some six miles north of Gan- 
darakotai (Oundaracottah) m Tanjoro district A fair 
show of grits and san^eitones is here to be seen along tbe sides of a small winding 
stream* The sandstones occur in irregular somewhat lenticular patches of dark 
brown color and considerable hardness, They are overlaid by gntty sandstones 
mottled polo purple, yellow and rUfiy rod. Tho upper beds of these are very 
clayey end lateritio in charcMtimr^ To the south-east of this section Ho two small 
jlow hills, both capped with tiMck ub^lpmeratic laterite, but no ovidmice could be 
found as to whafl tmAeriics the sides of tbe WHs Istieg thirty 

covered with dehrii mi ^ f saudsfeme beds^i(j* thsi irt»»wn tanks 
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quattz and git^ {iebb(«$ hx a often sei$)i4ateritic, matrix of reddish purple, 
color; oontahlhigf here and there small nests of olay. This conglomerate; 
which is not very ha^, rests oh the very irregular surface of the handed (slightly 
homblendie) granite gneiss, to which it has imparted a strong yellow stain* 
Among the more sontherlty conglomerate beds ate those met with in the 
Shenkarai ridge, about eight miles sonth*byweast of Pudn- 
slomeStM^ ^ displayed on the western slope opposite 

Sheukarai village by an extensive series of rain gullies 
which expose a considerable snTface of the gritty conglomerate $ but unfortu- 
nately do not out deeply into it* Its base is not seen, but it probably rests directly 
on the gneiss which shows in Shenkarai tank* The bedding is seen to dip easi- 
north-east or east-by-north at angli^ of from 12^ to 15^. False bedding prevails, 
but only to asmall extent, for so coarse a rock. The conglomerate is of mottled 
brown to pinkish and whitish, less frequently reddish-yellow color, and tolerably 
compact with a gritty matrix, including quarts and gneiss shingle, from the sizo 
of a cocoanut downward, in moderate quantii^. The eastern slope of the ridge ^ 
is overlaid by the most massive and continuums (|iheet*like) bed of lateritio con- 
glomerate that I have seen on the Coromandel coast ; it covers a oonsiderablo 
space between Arimullum (Anrmoolnm) and Malalapatti, and is itself lost sight 
of to the east under laieritic sands and the alluvium of the VeU&r* 

Further eastward, away from the boundary, the conglomeratic character of 
these Ouddalore beds diminishes rapidly, and very few sections are to be found 
that penetrate the surface laterite. Where the sub-rook is reached, it is seen to 
be a grit or sandstone. 

A second section of the Cuddalore beds forming the Shenkared ridge was 
found in the scrub jungle about two miles further south- 
Seoiiionttear yango . uad a mile south-east of Ayangudi. The beds 

hem seen are unlike the Shenkarai beds, they are conglomerates of veiy coarso 
textnre and rather friable. The matrix,* which varies from light red to brown 
red in color, is semMaieritic and vermioularly cellular to some extent. The en- 
closed shingle is mostly large and well rounded ; it is chiefly quartzose and all 
apparently of gneissie origin. The lowest bed seen is mottled and more gritty 
in textnre with fewer encloeed pebbleC* The dip is southerly at low angles. 
£ter0 as at Shenkarai the secthm penetiates but a few feet ve!rticaUy< 

A section in which gritty sau&tones are seen peeping out below the surface 

JUnnia^ {(«4 
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out from bolow the general lateritio oorering of the oonnti^. Tu Cfolajn the rook is 
dark purpliah^grej^ with brown banding^, and so hard as to be worked bjr fleeting 
The beds have a northHMtorlj dip of about 20^ IiCooh diagoiml or ^‘lafiie*’ 
bedding is seen in the fresh broken speoimetis of the rock, which is overlaid con- 
formably to the eastward by less compact dark-brown and yellow-brown grits. 
The hard grits are largely quarried as building stones. Unfortunately no 
laterite is seen in juxtaposition with the grits, so the local stratigraphical rela- 
tions of the two rooks cannot be studied* 

The best soction of Ouddalore grits of the softer variety occurs about eleven 
miles north-east from Pudukotai, a little west of the high 
Section at Pemngaiur* ^ Tanjore. Hero the small stream which feeds the 

Perungalur tank, in descending from the high ground to the north, cuts through 
the upper laterite beds, and exposes beds of typical grits in many gullies, forming 
so many miniature canons qI vexy perfect shape with nearly vertical sides, from 
12 to 18 feet deep and only 2 or 3 feet apart at the bottom. The grit beds show a 
rude but distinctly columnar jointing strongly resembling starchy cleavage on 
a huge scale. 

The section here displayed shows the fpjdowing sequence of beds in doscendiug 
order 


4 Black laterite ecugtoierate, on gxavel* 

8* Bed^pbcewti vennicnhurly poioui eonglotneiate, paming down into— 

8* Bmvn oonglometate with many pchhles of qnarts-grit and older laterite. 

1. Grits, pale motiM* ganendly showing oolnmnar jointing with vermicnlar tubes and 
scattered galls of fine day. 


In this section distinct nnoonformity is seen to exist between Kos. 1 and 2. 
Ko signs of organic remains could be t^ed after very careful search. 

A small show of rather soft grit of red and brownish mottled color appeam 
between the boundary of the gneiss and the overlying laterite between Surian- 
patti (Pothanavisl of the Atlas map) and Parembur in the south-western comer 
of the Tanjore patch. 

Mottled gnts which on petrological grounds aro considered as of Cuddalore 
ago are exposed, in seetipns of wells and deep tanks, under the laterite conglome- 
rate at PaJatur (Pullatoor) and Bhuraghdi (Bhooragoody) in the Shahkotai 
patch of the lateritic fotmationB (see page 168). 

The boulder beds described ubtwe (page 148) as occurring to the noz'threastof 
nt. mj Sivaganga luaiy possibly be of Cuddalore age, or tertiary, 

ageof borid^bcOi.^ inatead of BrijoSedMll age, or seoondarjr, as thmO is ho 

positive evideno^ eitiber ftloa tho {njopigme of" organic rSMluo 00 ||»eoiri|iiy of 
stirarigriiq>hical positloh^ but m ^ ^ deridei%l^^ skin to 

the older series. 
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conorotidtk^, sa/ttijr becU ooeupy the fiitepeei neat ihe^delU or the band 
of marino aJIntitmi bordering the coaai, urbito ^ congbrneraiio hbA$ ooeapgr 
ilio bigfaer grounda to tbo yraat and often overlap widely on to tbe gheiaa. 

** The taviona rivets ivhioh convoy the dmnage ol the oottnfajy to the sea 
dttMivishm of lato- divide the lateritic region into a number of minor arena Or 
jrlikf area. patcboft amounting in all to nine* Their ekea are voi-y 

aneqtial ae might be eoepoctod, ranging as they do from several btmdbfed square 
miles to only a few doaea or so fe extension. Taking them from north-east to 
south-west the first is the Tcvn^ore pateh^ so Oalled from die fact of its being the 
southward continuation of the great patch, cm the northern edge of which stands 
the famous old town of Taijore, five miles beyond the northem limit of the map^ 
This is followed southward of the Ikani-dr by the F‘tduisQial paioh which is 
divided by the Vellfir from the BJienharai patch* Soutli of the Paznb fir lies 
another patch of laterito which I will designate as the Shdkkotai (Shawootta) 
patch. South of the Manimut-fir is a small patch which may conveniently be 
called the Sermcwyal pafcL The most soniherly spread of latoritio rocks to bo 
described lies around Sivaganga and should be named accordingly the Sioagaiiga 
patchi Two of the remaining patches to considered lie to the w^tward of the 
general run of the patches close to thetotvn of Tripatur, afetk Which they may bo 
Suitably called the 'north and south Tripatur patchest Tlua ninth Cud last patch 
lies at tho westom extremity of the Tanjore patch on the border of the country 
inolnded in sheet 79 ; it may for convenience be called the NaUur patch. A 
groat number of little patches too injnute to be mopped are dotted over the 
gneiss area at yarious distances from the present latorite boundary, showing that 
its former westw«wd extension was considerably greater than it is at present, 
and that groat part of the original deposits has been removed by denudation 
gornc of the smaller of the far outlying patches have undeigono so much change 
from weathering and iwmsoUdatiQn that they might almost be reckoned as 
subattdal formations. 


";^The most remarkable spreads of conglomeratic latorite are to be seen sdong 
the westmw boundary of 4h0 areas in nearly every case, 
begin with the bntoidy afowotthem'n specially mentianed. To 
eeen to the westand sdCS pafo^. ¥aat sheets of liMfoic<;mgloih^ arc fo be 


nspecfellj^ the bare IbiipC jt^andsrakotai. A littfo to the north of Suriam* 
give ike county a Miwcge of rock aituhgcd in terraces with low steps 

aoipi tha iattev U generally a V Whm the is with 

^ brick) coiov mwM h^ii Rifl’d ik»mpaiA 
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p,oi tiiifre<]Luettil 7 Tdiiy tmck ai^mawiee of a gA^ aandjlton^ wiihotLi^ 
faowovor, adtoall^ fomemag ictffieiezit cpboision to deoeiryo tiio tmm of rOol^* 
thougli in somo casoa it y^ty n^ly merits being so oalled. A gooA &x^emph 
of this wy be seen at Natlduveykotai, lour ndles west of Pattukotai (Ptitit? 
cottah). 

Parsing oter to tbo Pndokotai paixdi striking spreads of hard typical con* 
glomerate are to bo seen in many i^aoos near the wettorn 
^ ^ ^ ' boundary and even at some miles distance from it, e« 

at Umnr in the erixrorap north-west opmor of the patoh» also nearly all along 
the left aide of the Vdl&r alluvitim valley close down to Arrantangy^ and to tbo 
north and north-west of Alangndi (AnWgoody) 

The Sbenkarai patch contains) as already mentioned above (p 150), an oxten- 
. sive and massive development of conglomerate in the 

^ * eastern slope of the Sbenkarai ridge and the plain cast of 
it. This great development of conglomerate is contmned under the alluvinm of 
. the Pambx^ir and re-appears in the Shahkotai patch and 

a ctm pa b- jg Specially well seen at Eolanellikotai (Koclnelhcottah), 
where the walU of the extensive oJd pohgar fort are bxult of the massive latorite 
quarried dose by. The conglomerete is <dso admirably seen on the bluff east of 
Neddengoody, which msy be reginded as tho continuation of the Shonkarai ridge 
south-westwe^ from this Muff which is crowned by a picturesque temple 
called the Padik&sa Nadar Kovil, the ridge dOoHnes and is lost to the south- 
west in a high-lying plain of massive laterite extending without a break to Pala- 
toor (PuUatoor). The high ground between Bhursgadi (Shooragoody) and 
K&ragudi (Oanrgoody) is also covered by a vast sheet of laterite conglomerate, 
as are also the high ground to the west and sonth-west of K&ragudi near Talen- 
gudi and Kutalur (Ooothaloor). The conglomerate is mostly very xiohly forru- 
ginous for a laterite, and there ore abundant traces of a onoo existing active iron 
smelting industiy Large quantities of iron dag have jboen scattered about in 
many places where now no iron is made. 

In the Serruvayal patch of lateritio rocks highly ferruginous conglomom^te 
... obvert in latge space between Serruyayal and Kalel (Oullel), 

pridi. ^ ^ P4g^H (PftHgatmy). 

In ilio Shmgsngn iwtcli (lii]<dads imgkm0$ie of oonsidetnUln extent 

^l^eq^ttea^^3r'l»4t tritJi, f.gr,, to the north-west of the towsi 
Jsteh* 40 Ni!ktan»hooh»Mli to thO aorth-wOst <rf 
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tougher ixJiet rntfem with many fewer reilnihnilar oavitiee. The ki;ger enclosed 
fragments of oUier rdoks^ which consist almost entirely of gneissio qnertS; are 
mostly snhangnlsr or isngular^ giving the rook a hreocia-hke appearance* 'VTell- 
Ibunded pebbles do^ however^ also occur* A conspicuous example of such a 
breccia^conglomerate is that occurring to the west of Payakudi in the north- 
western comer of the Tanjore patch. 


The outlying patches of laterite conglomerate resting on the gneiss in the 
northern part of our area agree gener^ly in character with the gritty variety 
just described, but those in the south-westerly part are of the more typical 
form with many vermicular cavities in the more clayey mass* The southern 
patches when very conglomeratic contain chiefly well-rounded water-worn pebbles, 
and approach in coarseness to some of the typical conglomerates of median 
tc:sture in the Uadraa region, in which stone implements occur. Whether stone 
implements occur in this southern latex^te is a question to whidi a positive 
answer cannot yet he given, no unquestionable emmples having as yet been 
found I did, however, flnd occasional specimens of coarse quartzose stone 
>fhich bore a resemblance in shape to various forms of chipped implements 
common in the more northerly gravels an4 conglomerates, but material is so 
coarse that the chipping could not be considered as positively artiflcial. The 
most undoubtedly artificial specimen was a broad ai;e-head fotmd about a mile 
north-north-wSst of Shuragudi in the Shahkotai patcht Oocasional fragments 
of chert derived from unknown sources occur scattered sparsely over the surface 
of the lateritic conglomerates. Three specimens of this chert appear to bo of 
artificial shape, one is a flake of small size resembling an arrow-head, the second 
a small prismatic core, the third a thi<& oblong sharp-edged flake with a distinctly 
serrated edge to one of its longer Bides, 

Several largo leaf-shaped flakes, almost deserving to he called implements, 
were found by me between Tellam and Tanjore, only a little distance north of 
the line forming the northern limits of sheet 60. Two of these were adherent 
to the surface of the conglomerate and appeared to be genuine exposures in siim. 
They had to be hammered out of the rock. 

These large flakes appear to be made of a chert IdentkHid with that forming 
the great f ossiliferous Hocks lyiug in the mettled grits occimriug to the east of 
the olid fort ditch at Tollktu.^ !!|?he small implements ahewe menrioned are made 


d, a much more jatn^rydoolpng yaririy of chett* 

i cannot help thinking t^pr search of the shing3|y lataritip beds such 
aa iWt at north of end those occupying so 

lasgaaiMMrtn^ |he Mng of unques^ 

tiunablv recoimjbrahiU cS ithinned imn iAineuibii. . 
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The seotion of these sands in the bank of the Pdmat>i*5r at Ekirar]c&-k&d 
(not in the Wkf), a little villa^ about a mile noHh>eaSt of Paingan&d (P;|^gar 
Kan-ki'ltjd leetiion. natid), shows the following sueoeesion of h^s :■» 

Xiooftl alluvium **l xf-a' 

Ori% iHmda eea ... a' 

Femgistoua giuvel wiiib quartz fragments 4* (exposed). 

The gravel is formed hj accretion of quartz greiiis (sand) with a brown 
hsematitio cement into rudely rounded lumps generally 
about the size of a hazelnut These lumps are hero, and 
generally in the eastern part of the lateritio area^ unglazed 
and dnll in appearance ; farther west, however, the lateritio gravel is generally 
glazed and externally smooth even when fracture shows the interior to be gritty. 
The shiny glazed form is also seen in the laieiitic sands of this part of the 
country, and a half glazed form is not uncommon. 

Where bare or but thinly covered with vegetation, the surface of the hands 
is often covered by thin sheets of this ferruginous gravel, from which the sandy 
and clayey portions Cf the original bed have been removed by fluvial action. 
Where the thickness of the gravel beds has become considerable, subadreal con- 
solidation not tinfrequbnily sets up, specially where the glazed "form of tho 
gravel occurs* 

In the northernmost part of tho Tanjore area within sheet 80, in the tract 
lying along the high road from Tanjore to Adrampatam, 
the lateritio sands are seen to pass down into typical soft 
grits of pale color containing but little femiginous 
matter. These grits may be seen at the villages of Kovilur (Ooviloor), Karkan-t 
kotai (Ourkancottah), and Ulur (Woolnoor). The sections, which are only in 
the sides 6f wells, are neither deep nor clear enough to show the relations of this 
pole grit with the undoubted Guddalore beds. 

The whole of the eastern part of the lateritio area is not everywhere covered 
by sandy bods : some considerable tracts, e.g,, around Pottu- 
Loamy beuz. (PuttucCttali) are occupied by rather hard rod loam 

containing variable and sometimes considerable quantities of lateritio gravel of 
the nott-gritty glazed variety. This hard red loom graduates into the sandy 
form imperceptibly. It is generally condned to tho hi^er grounds. 

The bottmhs of the shallow vtbQeys which drain the area occupied hy the softer 
members of the laterftio $eries m flpeqoentls* Oocmpied by ewafupy ptmhd or by 
i^tiiatsandsi ohjpteasski tq W giAideless rider^ and hi||ilber porta m 
not unft^tim% ve^ ^ \ . 
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fiiiigtifolium) is also cultivated to a very ^at oxtoni all ovov the laioritic area, 
but some of those trees are common on the gnei&sie area. 

Of minuto plants one of the most characteristic, which occurs in immense 
numbei's iu low lying damp sandy flats, is a small Dmera or sundew, though 
elsewhere a very rare plant in the low country. A. zoological peculiarity of the 
lateritic sandy region is the groat frcqnency of a large Spongifh^ or freshwater 
sponge, in many of the shallow rain-fed irrigation tanks. Nowhere else have 
f noticed this sponge to be common or to attain to anything like the size it docs 
in this quarter. 

AVnoud Fomiations.^ThG alluvial deposits coming within the scope of this 
paper are of small extent, as only a small section of the south-western corner of 
the Cau\ery delta was examined, and tlio alluvia of the various small rivers 
traversing our area are very limited. 

The western part of the Cauvery allnvinm is formed of a black clay, appa- 
rently a true regur, becoming gradually sandy as the sea is approached. No 
section penetrating through this black clay was seen within the limits of sheet 80, 
but a Frt'sh excavation for the foundations of a new sluice branching oflE from tlio 
Pamani-dr just within the area of sheet 70, on the road, from Mandrgudi to 
Ncddamanga^am railway station, revealed a bed of very stiff blue clay full of 
small kankar (gravjclly tufa). 

The alluvia of the smaller rivers is generally a whitish mixture of sandy 
clay with lateritic pellets and small debris of quartz and gneiss. The flats are 
often slightly swampy, or barren, and unproductive from the saline matters 
enclosed. An exception to the whitish alluvium is offered by the alluvium of 
the Manimut-ib* below Tripatur, where low cliffs of I'oddlsh loam foi’ra the river 
banks for a couple of miles or more above Neddarakotai. The alluvium of the 
Vaigai appears to bo generally sandy, but no sections wom soon, and from cen- 
turies of wot cultivation the whole surface must bo looked upon as really 
‘^rnado ground,” 

The coast alluvium near Adrampatam is generally clayey near the surfjice 
and edged with a naiTow strip of ill-defined sandhills. No sectious of the coast 
alluvium were soon. 

Soils. — The soils depend almost everywhere on the underlying rooks for their 
character. Red and reddish sandy soils abound. Black soil is not at all com- 
mon. It occurs largely only over the western side of the Cauwery della, and 
under a few imporlant irrigation tanks whore it must be regarded os of artificial 
origin. Whitish clayey soil very similar io the pale alluvia of the largo streams 
is mot with in many valleys of the eastern lateiAtki areas, and, as above men- 
tioned, often forms smaU treacherous quicksands most djhta^^roeable to the rider. 

Wheue the <«>ugjiotneretio Isterite oeenrs ^0 of soil prevail, both of 
ttHtm haM »iwwW, th« ttm of ikhSI* ^ of (itifttli- 

btiok) (»bT»«-<iifUni appmadUng in io Umj large 

npr««i4«i of iJioae oecsor low so^b'ef wna a few 

dwarf wioiOBi# .and oihw ihwitjr twnhae, Wgli gpmk io il»e south 

of OiMdtoofatisi i« ihe Tanjore fiwWi, mmH dgott )gro««4 worth- 

oaiirhy>eiMi of .hbogadf b iho patch. raSHSlMm of the dolls ia 
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often covered with light wreaths of gi*it and <snnd collected by the provflding 
winds. 

The red soil is the more common form, but both it and the yellow variety 
lahow frequently on the hanlost parts of the stirfacc a sonii-iuetailie-looking 
blush of bluish^ black color 

Over the latcritic bands the soil is generally a ncuriy ])iire, less frequently 
somewhat clayey, sand. 

Real blown sands were very rarely noted within ilu* limits of Hheet HO as far 
as the survey extended; those in the little strip of coast examined m the Adram- 
patc'im corner of Falk’s bay are hardly worth notuung, and the s.imo may ho 
said of a few low hillocks on the bank of the Vaigni river near Tinipavanaiu 
(Trjppawanum) The most notable accumuLition of sand raised by wind was 
scon between Vadaknr (Vuddacoor) and Finneyur, three and half miles south- 
west of OrtenM Oliattram (Mootooaumauljiooiam of the Atlas ninji). 1'he 
hillocks here are of very small extcuit, but ris(» from 15 to IG feet in height ; 
they are limited to a a cry small superlicial area. 

Economic Geokhfg —Few districts even in the poor region of jSoiithorn India 
arc so extremely destitute of valuable minerals as the country dealt with in (lieso 
[Vigos. Ruilding-stones, road-metal, and kankar for lime-barning are at present 
about all the maie‘rial colleetod for economic jiurposos, with the e\cei>tion of a 
little im])ure salt and saltpetre. 

lion used to be smelted in some quantity from ores obtained from the 
lateritie eonglomerato beds as testified by the c[uantitii‘s of iron slag scattered 
over the country and hero and there accumulated in largo heaps. Of late, how- 
ever, this industry seems to have died out entirely, for 1 could not hear of its 
being now followed anywhere, nor did I come across any villages in which smelt- 
ing jfurnaces wore still in operation. 

The compact richly ferruginous liitcrite conglomerate furnishes endless raato- 
rial for rough building piiriioses, and is even carefully cut and dress(*d for bettor 
class buildings now put up at various places by the ri<*h Natukotai Cheitios, a 
easto ot rich ti*aclcib and soucars who are buying up much land in many villages 
on the lat critic area and building palatial houses in every direction, besides tanks 
and temples. Many old buildings of importance have l>oen built of this stone, 
e. the great fort at Kilanelikotai and the fori at Arrantangy. The laterito 
of the Slionkarai patch and the northern pari of the Shall kotai patch yields the 
largest and apparently the most reliable and homogeneous blocks I have seen 
quarried anywhere between Cape Comorin and the Kistua river. 

Of gncissic rocks the Puliarpatti banded gneiss is the most larg(3ly used. The 
great quarries four miles oast of Tripatur are largely worked for blocks of all 
sizes, up to nearly 30 feet in length. The atone is in groat demand because of 
its beauty and moderate price owing to its being easily quarriablo. Largo 
pillars about 18' by 8* by V V* roughly dressed for the gates of pagodas or man- 
tapams cost only Bft* SO oti the spot. 

Very handsome granite gneiss is quarried ot Tirkonutn, west of Pudukoiai, 
and at Kunamulla tWgouotnctrical station hill, fourteen miles to the norih. 
The granite gneiss ^ Virollimallai, twenty miles south-west of TriehinopoJy 
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on tlio Madura road, could yield &fcone of very groat beauty if required (p. 14G). 
Less bandaome, but very useful stone is quarried from the granite gneiss rocks 
occurring at Trimiem in Pudnkotai State, and at foot of the Anaimallai near 
Madura (p. 147). 

My stay at Madura was too limited to allow of any enquiry into the question 
of Iho localities which yielded the splendid black hornblendic rock forming tho 
noble pillars to be seen in Trimal Naik’s palace, one of the most remarkable 
buildings in India, The quarries wliit‘h yielded this stone and the hornblendic* 
rock carved into the many bold striking figures and statues in and about the 
great Madura pagoda were not among those seen by me, and doubtless he beyond 
the limits of tlio gneissic area surve^'^ed. 

8ome of the tinest and boldest carvings, both of statues and scroll work that 
can be met with in Southern India, are to be seen at the Avadiar Kovil, nr temple, 
IQ the soathomniost corner of Tanjoio district Tho groat mantapam in front of 
the temple gate is an architectural work of groat 1>oauty and noble proportions, 
far bettor worth photographic illustration than many other buildings ibat have 
boen made known to the ])ublic. Unfortunately it is so much off tho beaten 
track that very few know of it, and hardly any one visits it. Tlie stono usod isS 
said to liave been brought from 'IVimiom and Tirkorniim, but is more ,hom- 
blendie than any of the rocks seen at those places. 

The great temple at Manargndi, on tho western edge of the Can very delta, 
is largely built of gneiss from an unknown locality, but which nfusi have been 
brought a distance of fully fifty miles, supposing it to have come from tho xory 
nearest quan-ics, those of Mammalltii, eight miles east-south-east of Triehinopoly. 
These quairies may well have yielded all the slightly homblcndio pale stone used at 
Manirgudi and also at tho great Tanjorc temple, es^cepting, probably, the famous 
great bull and a few other large monoliths of much more hornblendic charncter. 
It IS not known for certain whei’O fheso -were quart ied, but 1 suspect they came 
from a bed of very homblondic gneiss at foot of tho Pachinnallais near Poram'* 
bulur in Triehinopoly district. My reason for suspecting this is, that when at 
Tirumanur in 1878, on the left bank of the Coleroon to the noitli of Tanjore, 
I saw several very fine monolithic blocks of dark black bomblendic rock lying 
on the river bank. These wore said to have been brought there by the laic 
Rajah of Tanjore from a quariy close to Perainbnhir to l>e usod for a temple 
which was never built. This very black si one much more resembles the black 
monoliths in Tanjore pagoda than anything yielded by tho qnarrios south of 
the Can very. 

Great complaints are made in the southem tnhiqs of Tanjore district of tho 
want of proper road-metal for tho roads m those very sandy regions, but this 
difficulty might be largely met by screening out the lateritic gravel which occurs 
in large quantity in the aanda in veiy many localities along the Manargudi and 
itdrampaiam roads. 
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Rou<m Noteh on the Creiaceocs Fo&feiLS erom TrichinopolyDis'jrict, oolleoiep 
IN 187Z-78, hy R, Bruce Foote, F.0,S„ Gcohujiail Hnrvey of India, 

The foJlowiiJg notes have roferoneo chiefly to tJie fossils T (‘olli’cted in 1877 
from the Utatwr and Arialdr groups, at Utaiur, Maravatiir, Odium, Arrialdr, 
and Mallilr, which alone received any carefal examination. The fossils from tlie 
other locaJitics received as a whole merely cursory inspection while ]>eing arranged 
for numbering. Tlie term “new species^' tJiat will bc5 found used lu'n* and there 
implies only that the fossil does not agree wdh the figures and <les(U'ij)tious of 
S 2 )ecies described by Dr. iStoliezka in the Palu‘ontologia Indica 

Sponyea , — A special fcatni*c of the collection is the large uunibor of sjionges it. 
<*ontains as compared with the far larger collection oi‘igmally made at the time 
tlie geological survey of the district wjis being carried out. Dr. Stoliezka figures 
only two, which ho retiTS to tlic genus Sfjdiouia. 

Among the sponges collected by mo are numerous specimens belonging to tbe 
very im 2 )ortant and eharacteri&tieally cretaceous family of Vniti leu lift tt. fl’liesi* 
were found mostly weathered out of a bed of limestone south-wc*si of Maravatfir 
{Loe. 10), very low down in the Ulaiur gr(/up. They Ixdong appaitmlly to 
three species, or varieties, of diffei*cnt form and texture (e y,, rios. T), 0, 7, 
IH— 20, 46 and 49). JVlanj show the eharacU‘ristic network extremely well (e <j , 
No. 49). 

With these YentHcnlites oceurred several specimens belonging to another 
group (.^ Spoiiyiles)^ showing quite dissimilar texture (Nos. 8 to 1 V), 

The same bed of limestone, which forms a small knoll, yieldi‘d a considerable 
number of other fossils, all of which were collected from a very limited space, only 
a few dozen square yards in extent. The most numerous of these were spines 
and plates of Cidarids; BeJemnites were found in considerable numbers; a 
few small Ammonites, with other shells and corals, were also obtained. The 
large Pecten (No. 60) came from another bed rather neai’er to Maravatur. 

A numerically much larger number of siionges, of a small cuii-shuped groiiji, 
Naicolum "sponge was obtained ^fom one of the lowest beds of the Utatur 
hod.” group, cx 2 )osedat head of a gully opening eastward, a few 

yards east of the old Madras road, |ths of a mile south-south-west of Nai- 
colum (Loc, 3). These wore found with a great number of other fossils on the 
weathered outcrop of an argil! o-calcaroo us sundstune. With the cup sponges 
was one specimen of a mamillaied species (No. 278). A large specimen (No. 32) 
of clavato form was also found weathered out of the same bed, but originally 
derived without doubt from the coral reef limestone at base of the Dtatur 
group. 

Two other sponges were obtained from the middle pari of the Dtatur group 
exposed north and north-west of Odium (Xoc. 21). Of those, wliich ai^ numbered 
14 and 15, the latter appears to be a fUjdmvia, 

VertehraU number of largo vertobr80, apparently rejitilian, vety 

Kko those of were found by mo in the days north-east of 

Nine out of sixteen lay together, in apposition, when I found them, but were 
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unfortunately disturbed, before I bad time to number tbem, by an officious 
collector, in direct contravention of bis orders. The others bad been washed 
down the slope of the rain gully in which they were exposed, but they all 
doubtless belonged to the same individufid. I have had no opportunity of com- 
paring tbem with tigui*f*s of known IcMJtyosaurm vertebra}. They are numbered 
047--G3. 

The seven shark's teeth (marked 043) belonged, I believe, to the shark that 
yielded the large vt^rtebra) Nos. 34 — 40. They were all found quite close together, 
weathered out of one of the large earthy ferrupfinoas concretions, at only a short 
distance from the large reptilian veitcbrin. 

A novelty among Utatur fossils is the Ichthyodomlite (No. 460). 

’MoUmca,- The chief novelties are several Wiy'ticlwilites, or mandibles of 
Nautili, belonging to two if not to moi*o species. Three 
Kliyiicliolitos. Binall size, not well })reservcd, were obtained from the 

outcrop of the “si)ongo bed” {Loc. 3). Two others, one largo, of rather 
different foim {Nos. 24 ttad 250) were found in the lltatfir clays. Two otlier 
peculiar bodies (0 26 and 27) bearing some resemblance to EhynchoUtes, but both 
a]>parently somewhat broken, were also found in the Utatur clays. 

Embedded in the clay filling the body-chaml>cr of a nautilus from Uiatur is 
a singular body (No. 23a 0), somewhat fruit-like in ap- 
Fruitdike body. pcarance, that I was unable to determine. I wish to draw 

special attention to it. 

Prom the same locality (0) came what appears to be a new Bolcmnite (028) 
shoH s(piat form and blunt pointed, quite unlike any 
Bclomuitcs. figured in the Pala'ontologia Indica. It is much the 

rarest form of all occurring in the Utatur clays. 

The long, thin, sliarji pointed Belemnitc (No. 31) occurs chiefly in tlio higher 
clay beds. 

Interesting s])ecimcus of Bolomnites arc numbers 67, 68, and (>9 from Odium 
{Lor. 21), pai’ts of jihragmocones, the latter of very large size. No. 70 shows 
gi’cat part of th(‘ pro-ostiucnrn. ^ 

Among the Annnorntid(e No. 88, from Anapadi (fiOry. 15), may lx* a new 
species, for it does not agree with any of those figured by 
ytoliezka. 


AmraoiuU'B. 


Of the rare form A. haltla founded by Stoliezka on a unique specimen from 
the Arrialur beds east of Uiakoil, a second example {OK 16) was found by mo 
at the same ])laco. It is in good preservation. 

Of another rare form, A. upetra, based by J)r. Stoliezka on two specimens from 
Cunura, a third example was procured at the same place. It is a young spcci- 
rnetl and unfortunately much broken (20o 55). 

An apparently new species of Turrilifes with very delicate transverse ribbings 
on the whorls was found by mo west of Arrialdr {Loc, A, 
No 16. 


TnrrilitOB. 
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STo. 18 from the same locality would also appear to be a new species of 
Baculitea. Baculites, unless it be part of a Ftychcceras, 


Of the Oasteropoda that I had time to examine and to compare with Stolicska’s 
Gasteropoda figures in the Pal»ontologia Indica, several, which I enu- 

merate below, appear to difEer to a considerable extent^ 
and may very probably be new species or varieties — 


Norinaea, sp. 
Scala^ „ 
Oaticellaria, 
Velutina ? 
Sigaretua P 
Natica, sp. 
Cantbaridus ? 
Thylucodos 
Trocbactffion ? 
Dontalium 
Fasciolaria 
Solarium 


Locy. 11* 
» A* 


•> »» 

>» » 

»» it 

tt tf 


»» 

»» 


21K* 

24* 


Ko. 4 
„ 141 
„ 141> 

„ 150 
„ 150rt 
« 151 
„ 150 
„ 159 
» 160 
„ 163 
„ 32 

» 63 


* Locality 11 is north and north-west of MaiavaiUr* 

„ A west of Arialiir. 

„ 21E north-cast and west of Odium. 

„ 24» reef in stream half a mile below Veraghur. 


Among the Felecy^oda the following forms appear to be now, L 

e., unfigurod, 

Pelecypoda. 

Ostrea, sp. 

by Dr. Stoliezka 

. Locy. 11 

No. 14 

Pholodomya P 


„ A. 

„ 10 

Panopeca, sp. 


• ff If 

» 13 

Tcllina, 


*. w »» 

» 37 

Trigonia, „ 


• tf it 

„ 46 

Avicula, „ 


• tf tt 

„ 61 

Ditto, „ 


• tt It 

„ 62 

Mya, 1 , 

. ft . • « • • • 

„ 21> 

» 47 

Exogyra, „ 


„ 27* 

„ 73 


* Locality 21 is north-west and north of Odium. 

„ 27 is cast of Karapmiy. 



A singular plicated tube of doubtful molluscan or annelidan origin is specimen 

No. 24, from the coral reef limestone near Naicolum 
Plicated tubular shell ]^o 2) 

EeJimodermata . — The small echinoderm No. 5, from the ** Sponge bed ” south 
of Naicolum {Loc, 3), appears to be new, as does also the encrinoid joint No. 4. 
Tbe same may be said of an encrinoid Jpint found in the Utatur clays (0. No. 64). 

JBn/czeu.— Two veiy beautiful small Bryozoa, Nos. 129 and 130, were obtained 
by me from the “ Sponge bed ” (Loc. No. 3). They are quite different from 
anything figured in the PalceoBtologia Indica. 
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Considerable numbers of a veiy delicate little cup coral (C. E, 
ISTos. 1 — 65) were found in white clays half a mile east of the 0udic4d-Cullp»dy 
road, and rather nearer to the latter place. They appeared confined to a veiy 
small area, and were not met with elsewhere. 

Plants. — PJi^nt-remains, f ossilrwood e:3:cepted, veiy rare in the Trichinopoly 

cretaceous beds, but a few obscure specimens were obtained, e. g.^ , 

An impression of a longitudinsilly ribbed stalk found at Soraganur (S. No. 16). 

A minute piece of a cycadeous (P) leaf in an indurated clay nodule from the 
Utati'ir beds north of Oudicdd (C. No. 3). 

» Minute fragments, apparently of cycadeous leaves, are traceable in some parts 
of small clayey nodules from the Utatur beds (Nos. 67 — 720). 

Locality No. 2.— -The collection of fossils obtained from this patch of coral reef 
limestone is a very important addition to the fauna of this rathei* obscure form- 
ation, which yielded but little, if I mistake not, to earlier searches. My success 
in procuring specimens was due to the limestone having been (juarried to some 
extent quite recently. All the specimens found I obtained from the quarry chips, 
witti only one or two exceptions. 

Locality No. 3.— This locality, which does not appear to have been known to 
Mr. Blanford as a nch hunting gro;pnd, shows three sets of fossiliferous beds, 
the lowest being coarse calcareous gritty beds with a few fossils and many washed- 
up pebbles of the coral reef limestone, also some masses almost deserving the 
name of boulders of the same rock. On these rests the ** Sponge bed,*' an 
argillo-calcareous sandstone. On this again lies a clay bed with large indurated 
nodules, containing occasional Ammonites and Nautili with a few other shells. 
These are easily distinguishable by their light color, pale yellow or buff, while 
the ** Sponge bed ” fossils and those from the lower beds are mostly of a dis- 
tinctly brown color. 

The fossils from the ‘‘ Sponge bed ” were nearly all found within a very 
small space of ground, on the very basset edge of the beds, or the upper two or 
three feet of the gritty talus. The fossils met with, beside the sponges, rhyn* 
cbolites, echinoderms and encrinoid joints already mentioned, were Oidaris spines, 
Belemnites, small Corals, Bryozoa> Serpuleedn great variety and numbers, large 
numbers of Tuhuhste'tmi callosum^ numerous Giypb^ and Oysters, and lastly,, a 
number of small shells, both Gasteropoda and Pelecypoda, not forgetting a fovr 
small Ammonites. I do not recollect any other fossil locality in which I obtained 
so rich a collection, in an equally small space, reckoning the' richness by the 
number of species. 

Locality “ 0.** — Mr. Blanford, in bis Memoir on the cretaceous rocks, speaks of 
the small clay nodules near UtatiSr as hardly ever containing any fossils. This 
statement is, I think, rather too strong, and calculated to deter foture collectors 
from Searching one source of Valimble fossils. My own experience is, that they 
are not common in the small nodules, bpt still common enough to encourage 
search. I got several (eleven I ^^ink) in a inomiipg^s genei^l search, without 
devoting more than half an hic^ur specially to . br^,^^ hodnles;. Two of the 
eleven . -are ceiimnly valuable specimens, the rhyncholi^-Hke bodi^ reiert&A to 
'above (Nos. 26 and 27). 'r:'*' ’t , ' ‘ ■at;;;'' ! /-M . v/ '' ; 



163 
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Notes on the genus Sphbnophtllum a:^i> other Equisetace^> with reference to 
THE Indian form Triztgia spbciosa, Eoyle {Sphmophyllum trizygiay Ung.), 
hy Ottokar Feistmantbl, Fal^mtologist, Geological Survey of India, 

Last year a peculiar discovery was aimouuced by Mr. Star, at Viorum, on the 
relations of certain genera of Equisetaccous plants in the coal-fSrmation. The 
observations refer also to the genus Sphenopliyllum ; so it will not be out of place 
to note this discovery, and to add some remarks on those plants w'ith reference to 
the Equisetaccous plants in the Indian coal-beds, especially to Trizygia speclosa. 
The most common genera of the Egnuetacem in the carboniferous fonnation aro 
those which were described as Oalaniites (Suckow, 1784), Astcrophyllites (Brong- 
niart, 1828), Annularia (Sternberg, 1822), djxd. Splienophyllum (Brongniart, 1828). 
These were all described as distinct genera. 

In 1852, however, Professor Ritter von Etiingshansen,^ placed the genus 
AiterophylUieSf as rami et ramuli^^^ to CalamiteSy although, as it appears, theix) 
was no direct evidence for the proceeding. In 1869 Mr. W. Carruthers ® united 
all the three genera, ^.e., Asterophyllites, Annnlarlay and SjdienopJiyllmn to one 
group under the name GalamiteSf considering th(jm as three different forms of 
foliage of this onegCnus, although, as it appears, the author had no direct evidence 
for this theory. ^ 

Professor Sohimper (1869) placed the genus AsterophyllUeSt which he named 
Calamocladus under the heading ^^remi et ramuU foliosi,** to Oalamites ; but 
Sphefiophyllum and Armularia remained independent genera. * 

Professor Weiss (1871) again® urges the independent nature of all the genera 
abovenaxned ; and so does Professor Heer, even in his recent publications. 

In 18!74 it was shown hy Professor Williamson,* who based his conclusion on 
the microscopical structure, that Asterophyllites and Sphenophyllum were very 
closely related genera- 

In 1876 another systematical place was assigned to Sphenophyllmn by Pro- 
fessor Schenk,® who arrived at the conclusion that Sphenophyllum is more related 
to the Lycopodiacece than to the Equisetace<s, 

To this Mr. Stur wrote a reply under the title ‘‘ 1st das Sphenophyllum in der 
That cine Lycopodiacese,® ” where ho endeavoured to show that the systematical 
position of Sp^^ophylhtm is with the Fguisetacecc, 

So stood the case till last year, when Mr. Stur announced hie discovery,’ 
which was as follows : On a slab of shale were found several branches of an A8terO’‘ 
phy lutes with branchlets, which showed the foliage of a Sjjhenophylluni (Sph, 
dichotormm), and had a fructification of the kind of Volhnannia^ (Stur). On other 

^ .Steinkohl^Rfiora veu Baclaitz, Abli. d. k. k< geol. Hoichsansialt, Vok II, p. 24. 

® In Seeman^a Joamal of Botany, 1867- 

* Fossilo PI. d. jiingat. Steinkolilf. nnd de^t Bothliegendcu, &c., pp. 107, 108, 2nd Part. 

« 3?hilosopli. Trans. R. Vol. 164, p. 41 et 1876, 

s N. J, f. M., 1877, #5* Bofor. 

e Jahrb. d. k, k, gooL 1877, Vol. XXVII, pp. 7-32. 

7 VerbAndJ, d, k. k. 1370, p. 327. See N. Jabrb. f. Min., A;c,, 1879, pp, 256 

ami 260.,, ' , 
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specimens the same AsteTo;phyXlite8 iB said to have a fmctification of the kind of 
Brachmainma (Stur), and to be preserved in such a manner, that it has to be 
considered as branches of Oalarmtes, preserved on the same slab of shale. 

The conclusions to which Hr. Stur arrived are that Sphmo^hyllmn is no 
peculiar genus? but belongs to AsterophylUtes, and both AsterophylUtes and Sphe- 
nophyllmn are branches of Galarndtes, 

Professor Williamson and Professor E. Weiss have published their opinions 
about this remarkable discovery 

Professor Williamson considers the connection of a Spttemphyllvm and . 
AsterophylUtes as quite probable, and finds in it the confiirmation of his own views 
on the relation of AsterophylUtes and Sphmophyllum ; but he thinks it impossible 
that both these genera should be the branches of a Galamites of the ordinary 
type, as it occurs in England, the structure of Asterophyllites and Spkenophyllum 
being totally different from that of Galamites, 

Professor Weiss concurs with Professor Williamson as regards the impossi- 
bility of Asterophyllites and Sphenophyllum belonging to Galamites ; but he is not 
prepared to accept the view that all AsteropJiyllites and Sphenophyllvm should be 
closely related, and he finds a distinguishing character in the fructification. Ho 
says (I, c.), p. 264:—* ' 

“ Prom the admission that branches with the appearance of AsterophyllUes 
and SphenophylVum may be found on the same plant, * as observed by Stur, it 
would not at all follow that AsterophyllUes in general is identical with Spheno- 
phyltum^ and still less that both these should bo identical with Galamites.** 

Professor Weiss therefore seems to allow that AsterophylUtesAiko branches 
may be found with SphmophyllumAike branches on the same plant, there being 
also two other genera, i.e., Gingularia and Bowmanites^ which have Asterophyllites* 
like stalks. Sphenophyllum and AsterophyllUes oi the carboniferous formation 
also agree in the arrangement of the leaves, all being arranged in whorls. But 
still he maintains the independence of Sphenophyllwn in other cases. 

If we now turn to the Equisetaceous plants in the Indian coal-beds, we find 
especially three forms — 

Bhyllotheca (not very frequent, and in the Raniganj group only), 

Bchizoneura (rare in the Barakar group, but very numerous in the Raniganj 
group), 

Trizygia (in both the Barakar and Raniganj groups). 

Besides these many other stalks, without certain affinities. 

The genus Phyllothem is known from the lower (palceozoic) coal-beds, 
the Kewcastle beds and Wianamatta beds in Hew South Wales, and from the 
upper mespzoic beds (Bellarine-beds) in Victoria ; from jurassio-beds in Siberia 
(Altai, Lower Tungutska river®! and Eastern Siberia), and in It^y. 

* N, Jahrb. f. Min, ISire, pp. 266 and 260. 

s The fonnatiDU with fosail plants ^ these two ffisirict^ isjurassie, according to the last cora- 
xounicailoa of Prof, Schmalhansen (Bolt fi* VAcad, des So,;,d« Potoiahobrg,' Vol. Xli pp. 77-81), 
containing Sphenspi. unthn^c^olm, AspUnium' ' Viir. tehuo, ZamHes in- 

Bodozamites Gt^ophylhm;, BMptozamites (ISeggendhia)^ Czeleammkia riyida, 
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There ifl no representative of this fossil plant m the carboniferous bods of 
HIuroj)o, the loaves being joined to an undivided spaihe m their base, and free m 
tlie np^wr part. 

As regards the other two, Mihonenra and Trhyfjm, 1 find the following 
remark about them in Qrand*-Eary*s gt^ai work on the carboniferous tlora in 
Fi*anee,^ pago 404 : — 

“T1 faui copendant bion reconnaltn' quo cortaincs plan tos des terrains sccon- 

daires inf<b'ieui’a ont des attaches avec colics des terrains priraairea lo 

Tnzgyiit speciosa do Koylo, resemble h nn Rph nuphylhi'iti ohlotitp/olium qm devi- 
endrait bcacoup plus ample ; Ics Schhoneura dii griis bigan*(S y supplecraieut all's 
A storophylliivs" * 

As far as Schhonevra is roncomod, this tlusj*^ seems probable, ibis gonns 
also having linear Icaveis, in ulioils, whieh are however in most of the cases 
joined to two broader, encircling loaves, which morphologically originated froin 
a spaliio (sheath), to which all the leaves are joined in the beginning of the 
gro-v^ ill of the plant. 

With Tiizygia -wo will ha'^c to admit a slight modification. Tfizygof was fiist 
])ioj)Osed by Boyle on account oi the arrangement of the loaves, always six in 
Ibieo pairs on one side of tho joints; this cbanictcr is completely constant in all 
the s]>ocimenfl hitherto observed; thc‘ species vas Trfz. apmoHu, 

Mc’Cldland (IBftO) desenbod it as Bphcnopliyllum speenmnn ; Unger (18S0) 
as Bplfctfopliyllum tiizygia^ 

1 myself followed Unger’s exaniplo in my first notices on iho Damuda flora 
(1876); but of ter these various researches on ilio nature of the carbonifereu a 
FguMureoff I would return to Roylo’s onginal denomination, /. o , Tn^Lygh* 

From the preceding notes on the genus Asterophyjlltes and Hplnnophyllum^ 
it would appear that some forms of ilicbe two genora may belong to tho samo 
plant, but in some other cases Sphenophyllmb is an iudependont genus. 

In the Indian coal-fields tho form Trizygiay said to bo roprosentative of tho 
ciu*l)oniferous jypAe?/op%//t*iR,isnotassociated with tmj AsferopkyUttcSy thoi*e being 
no true -4h^crop7/yZ/i^cs found; noroan it belong to Bchizoncuruy which to some 
extent can be considered as representing the Af^terophyfhies ; for amongst tho 
very nuiuor'oUS specimens of SMzoimira f/om tho Indian conl-beils, not orio 
specimen was observed wliich would show that the Trizygia might in some way 
be eonnocted with Schizoneiiru , in the Talchir coal-field tliero is Trhygia withfuit 
Schizoneunff and in the European Trios, where Schizoueura occurs, no trace of 
any form of the kind of Trlzyghy or any SplienophjUum^ has hitherto been 
dotocted. Trizygia can thoroforo veiy well bo considered an indopondont genus, 
having no connection with Sc/iuowewru, as those forms of Splfonophyllmi which 
have no connection with AderopJtyllUes ; but I also think Trhygta will have 
to bo considered as differing from tho true Sphenophyllmn. 

In this latter the lo$«Vei8 are arranged in complete whorls round the joints, and 
the stalk is pretty thicks so that wo have to consider it as an erect plant, growing 

* riorc civvbottifiliiWs du Pjitmi. de la boiro Ot du Ccutir ck la fiHttce, lS77 
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abovo tbo surface of water, like Asicroiiikyllites, In the Indian plant, however, 
iho leaf whorls ai'o incomplete, there being always only six loaves, on one side 
of the joint, airanged in throe pairs ; the stalks are thin in comparison with the 
f^izo of the lea ven, showing perhaps that the THtygia was a plant which floated 
on the surface of water. 

In my paper on some fossil plants from Baniganj,* although placing the 
Indian form with Rphcuoyhylhim^ I pointed out all these differences, and distin- 
guished two groups of Sjphenoj)7tylJum, 

At present 1 w'ould formulate my view in the following manner i— 

EQVISBTAOEJE!, 

Calahauib^ 

Group: Hghcuoyhylloideoe, 

a.*-* Leaf whoils eomplote round the joint - number of leaves variable ; leavcb 
of tlie same size and shape in the same whorl 
Tlic true earboniferoas Splunophyllum. 

ft. — Whorls incomplete on one sido of the joints ; number of leaves six, 
arranged in ihree pairs, of which each differs from the other in si/o 
and partly also in shape of the leaves. 

The Tfizygia of the Indian coal-beds. 

Tn ibis sense Trhyyia may bo considered as representative of the carbonifer- 
ous Bphiuophylliim, but is an indepondont genus. 

Wo liavo IhereXore— 

VliylhthecQy representing in the fossil flora the living EguisUim, 

Bchizoneiira^ reiirdsonting perhaps the genus Astenphyllites of the palfloozoic 
formation. 

Tthygia, roprosenting the genus Sphcnofhijllwnf although differing from it. 


Oi« MrsoiUN AND AiA(AMJtTB; FEOM iHE Felloek Disibiot, hy F. R. Mallut, 
r, G. S., Geological Sari^ey of Jndta 

Myfionn . — Tho occurreneo of copper in the District of NeUore, as well os in 
oihci adjacent parts of the country, apisears to have becii first brought to tho 
notice ol Goveimmont by Dr, Benjamin lleynp in the early part of the present 
century. In hi«^ “Tracts on Indio,” published is git^en of tho 

rocks in tho metalUforous region, and some details as to the hatore of the ore. 
But the working of the minosi which ajipcars to have boon carried on extensively 
at an earlier iitTiod, was in abojunce at the time of Dr. Seype^s explorations, so 
that lio was lanablo to obtain any reliable iufo^^atiott keti^^pmodo of ooourrenco 
ol ftio ore, or its S© was led, howevoT; to tliat the amount 

* Jout As 
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was voiy considovablo, and that tho wording of tho minos "bad not Ihsioh giTou 
nji for want of ore, but from tbo jjcalousj of the Rajahs, who wished to hide 
biicli a treasure as long as possible from their superiors.’* Hpeciinens «)f copper 
«)ro wei'O obtained by Dx*. Heyne, from near the surface, in sc\oral localiiics. 
Most of it was "malachite and unotintain green,** Imt ihoro was also a rlnrk-eolored 
ore, intimately associated with tho above, a sample of whicJi was sent to London, 
and analysed by Dr. Thomas Thomson. His results wore published in tho 
Philosophical Transactions for 18X<4i, and were reprinted as an appendix to Dr. 
ticyno’s work above referred to. Dr. Thomson described the ore as follows; — 
“ All the specimens of this ore which I have seen are amorphous ; so tJmt, as far 
as is known at present, it never occurs crystallized. Quartz crystals indeed are 
imbedded in it abundantly and very irregularly Sometimes they aro hiiigh*, 
sometimes they constitute tho lining of small cavities to bo found in it, Tlu’so 
crystals are all translucent. In some rare cases they ax*o colorless ; but by far 
tho greater number of them are tinged of a yellowish-rcd, and some few of them 
are green. Tho mineral is likewise intorspoi'sed with small spooks of mahudiitc; 
and with dark, brownish-rod, soft partielos, which I found to consist of rod oxide 
of iron. 

"Tho color varies in consequence of the irregular distribution of these 
cijlraneous substances. One specimen, which was the most froo from the 
maJacluio Und the red particles, was of a dark hlackish-brown color. But in 
general tho color is a mixture of green, is'd, and brown; somotimes one and 
Rometim(‘s another prevailing. Small green veins of malachite likewise traverse 
it in different directions. 


" Tho fracture is small conchoidal, and in some parts of ilio mineral there 
is a tendency to a foliated fraottu*©. Tho lustre is glimniex’ing, owing, 1 conceive, 
to tho minute quartz crystals scattered through it. Tho kiud of lustre is I'csinous ; 
and on that account and the varieties of colors, this ore has a good deal of tho 
aspect of serpentine. 

"It is soft, being easily scratched by tho knife. ^ It is sectile. Tho streak 
reddibh-brown. Tho specific gravity 2 020. 

"It effervesces in acids and dissolves, letting fall a red powder. The 
Rolutiou is greon or blue, according to the acid, indioaling that it consists chiefly 
of copper.** 


The result of Dr. Thomson’s 


analysis was as follows 


Caibonio acid 16’70 

Peroxide of copper . 6076 

Peroxide of iron , , 19 60 

Silica ... Si’lO 

Loss ........ . *96 

mob 


The oxide of iron and silicft ho regarded as mechauicahy mixed, and ho 
therefore considered the ore to be an anhydrous carbonato of copper, and o new 

> Til, liwdaesa S« giy«l» <tii ■*•2$ ij» tlr. Tlt^niTOn’s Miniialog, of J890. 
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miucral ppooios. It i<i described (in an abridged fom from the abovementlow'd 
pnper) in bis Outlinos of Mineralogy (7tli edition, 1836) as anUydrous dicarbonatt* 
of eo})per. Tn most works on mineralogy, of a date subsequent to Dr. Tbojnson's, 
fho oro is alluded to os a doubtful species under the name of mysorin.’ 

With rcfeTOnce to ilio locality in which the mysorin was found, Dr. iTeyne 
wrote: '^Mnlaobdo and mountain green probably constitute the groat mass of the 
ore in tho copper veins, but an immense nest of the nnliydrous carbonate of 
coiipor was found at Ganypittah, a village belonging to a Jaghierdor in the 
VonkatygluTry district, about 40 milos west of Ongole. It oxista there in 
a rock of the nature of gneiss, but considerably disintegrated, and the quantity 
of it must bo imnionso, as forty coolies’ loads wore procured by a little digging, 
and si‘nt to Mr. Travers, the Colled or of the district, andp almost as much 
rcniained vhich had been dug out, but which was not oaniod away.’*^ 

The village of Gnn\ 7 )iltJih-*Bpelt Guramnnyponta by Dr. Ileyne in a pam- 
phlet sul>sequently publisliod by him, Qurumaniponta by Lieutenant Newbold, 
and Guunyp('ntnh on the Atlas sheet — is 48 miles south-west of Ongole. From 
the bearings of the village from Nolloro and Ouddapali given by Dr. Heyne, as 
well as from allusions to other villages in tho vdeinity, it is perfectly clear that 
mst was a mem slip of tho pen on his part.® 

Aihbnpfsi tho specimens which were forwarded to tho Geological Museum 
in 1873, for incorporation in tho sorios illustrating tho mineral resources of 
India, which was sent to the Vienna exhibition, was a parc(d of perliaps a 
hundredweight, or more, of copper oro trom Gudisa Oundla near Ganmunipenta 
juid YoTrqmli, Nollore District.” Terripali is a village about four miles fi*oin 
Ganmaniponta. A poition of tho oro was reseiwod for the Geological Musonm, 

> Fiom M.^soro. Tlie conntr>, however, in ubicli j 1 was found, licb tumsidornblj lo the oast of 
Ibo Myboro territory of the present day. 

3 In ibo loiiitb volume of tbo Journal of tbe AHiatio Society of Bengal (1R35), there is a 
gipn bj Mr. James Pniiwep, giving tlio results of lus an«I;^scB of ibroo samples of eopj[)er ojix^ 
from till Nollore Distiiot. Tho analysis of one of tbo^c, winch Mi. Priasop thought irtight be 
the bamo oro na that examined b^ Dr. Thomson, is as follows 


nvdmtci I carbonate of copper .. 

Sulplmrot of ( oppt r . . 0 1 * 

Sulphurot of ium . . 12^4 

Oxido <»f iron, ... 25*1 


loco 

It iH, howover, ulludod to b> Mr, Prmeep himself as an imperioct analybis. Tho thinl oro 
examined uuh sulphide of eoivpu (03 0 por cent ) mixed with h;^drarod oarhonatc (31*7 per eeut.) 
and some oxide of iron and silcx In the sumo paper there is an extract from a ]>aniphlet, pub- 
libbed by Dr. lieyjie subkciiueni to tho issue of his ‘Tracts on India/ iu which he describes the 
apixtaranco of an ore u liieh ho considered to be of tJie same hind as that previously forwarded 
to Ihx ThomHon, but as it seemb elonr that Mr, Prinsep was right in believing that Dr. Heyno 
had mibtuhen tho bidphido uHh carbonate for tho mysorin, it is unnecessary to quote tho 
description. 

Thu coppir bearing localities of Nellorc and llio neighbour!»|^ country liaxe been further 
dts^crthiHl by Lieutenant Niuhold in \oluine A"! I ol tho Journtil of the Royal Asiatic jSooloty. 

J Juniii Ab. Soe Ueugal \'o1 D * ^570 
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find wliilo aminginpr the copper otoh iin tbo ocononnV collection Romo time 
I was struck with the outward resomhlanoc^ of jmrt of the Noll ore OiM 3 to tlio 
Mysorin as described by Br, Thonison* It is, luiwovei*, only recently that I 
lIH^o had the oj)iJortunity of making a complete oxaminalion of it 

Tho ore, a® sent, occurs in iirogular broken pieces of various sisses up to 
about three inches diameter. It is a most heterogein'ous mixture, inside up of 
over hsilf a dozen diffenmt minemls, some of which ar(\ however, muoli 
more abundani than others. Taken roughly in tho order of thtir iolatj\o 
abundance, there are visible to tho naked eye, or with a Jens • 

The dark reddish brown ore iii question 

HfllnelnUs 

Ohr)hoeolla. 

Quart/.. 

YeUo\4i«»h-hio\'m othro. 

Chiilco( ite. 

Oaloite, 

Boruite.' 

Pieces of pure malachite are not to be found, the mineral being gimtly 
mixed up with ohrysoeolla and other minerals. Some portions of it, owing to 
dissemminated reddish-brown specks, and sp^ks of ebaJeoeite, have a dark tinge*. 
Tho chrysocolla, which is gro<m and greenish-bine in colour, occurs both mixed 
with tho malachite, d/C,, and in tho form of tliin seams, and as the linings of 
small cavities. The qoariss is crjstailino and generally colorless or nearly so, 
but it appears to have a greoti or yellowish colour from being imbedded in mala- 
chite or chrysocolla or ochre, or from having such running through it in thin 
honins* The proporiiou of ehalcooito is quite snuill, but occasionally a tolerably 
pure mass an eiglitli of an inch long, or more, may be observed, and it can bo 
seen scattered through many pieces of tho oi-e with the aid ot a Ions. Ouledo 
is a rare mineral only observed on a f(*w 82>eeiinons in tho form of very tlnn 
seams. Bovniic is extremely uncommon : only a very few specks have been 
detecic'd. Some pieces of tho ore consist mainly of malachite and chrysoi'olla, 
others mainly of tho dark-colourod ore. 

The most homogeneous poHions of tlie latter have to tho miked eye a dark 
r( (Idisli-browu colour, but viewed with a hms they are seen to bo ihioly mottled 
in (lark brownish- red and green. A thin section, which to tho naked eye has a 
rcddish-bvown colour by ivjflected light, when i iev\cd with a lens by transniitied 
light, shows this mottloct structure still more plainly. Tho relative pi*oportiou of 
the two colours varies greatly. Occasionally a patch is found in which tlie green 
is almost absent. It is but rarely that one finds a surface of a quarter of an inch 
square that is not intersected by thin given seams of mahu'hito and chrysuc*olIa, 
which traverse the ore in dilToront directions, S]>ecks of elialcocito are also 
visible, aud, very occasionally, those of bornity. Tho oi*o contains a lew small 
cavities, partially (lUed with J^ed ochreous oxide of iron. 

' Besides tliose thw Sre vlsiWo in a few specimens, ifvbich include some of the gingue-stone, 
hornblende, garnet, mica, the matrix of the ore being, nccording to Idcutenant New bold, mica- 
aud hombleude-Bcbist. , 
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TIio lusti*o nciay bo describod as dull to the Baked eye, but glimmoi'ing ntidor 
tlie lens. Fracture imperfect couelioidal. On scratching the ore with a knifo 
the streak is soon to vary in colour owing to the mottled character of the sub- 
stance. Generally it is greenish and brownish-yoUow. In the patches which are 
tree fj*om green it is brownish-red. The fragments which I selected for analy- 
sis yielded a bu-ish-gray powdor. Hardness of the ore about 40. Speciiio 
gravity 8*80 . It cffei-vcscos with cold dilute acid, yielding a green or blue 
solution and leaving a red poWder undissolvcd. On Keating this powder with 
strong hydrochloric acid, ferric oxide is dissolved, and a white powder remains. 

On comparing the description T)r. Thomson has recorded of the ore analysed 
by him with that just given of the ore I have examined, and recollecting that 
Dr. Ileyne has stated that the mysorin occurs in an immense nest at Gannyjjontalt, 
and that the ore examined by me was sent as the ordinary oro of fho same 
locality, I do not tliink there is mnoh room for doubt as to Dr. Thomson's ore 
and mine being the same. The only discrepancy of importance so far is in the 
specific gravity. Dr. Thomson fonnd it to be 2*62, 1 3*80. It may bo observed 
on this point that it seems remarkable that while malachite has a specific 
gravity of 3 7 — 4*0, the corrcsjionding anhydrous carbonate should have as low 
a specific gravity as 2*62. Tho low specific gravity can scarcely bo ascribed to 
impurity, as Dr. Thomson’s analysi||^hows this to consist almost entirely of ferric 
oxide. 


In tho cinacial point however— the presence or absence of water — ^my analysis 
diiTers fundamentally from Dr. Thomson's. Tho fragments selected for analysis 
showed under the lens tho brownish-rod and green mottling aJJuded to above. 
Minute veins of malachite and chrysocolla wore also visible, ns well as specks of 
chaloocitc, it being found imx)ossibIe to obtain a sufliciency of tho substance free 
from such admixture. Miniilo quantiHos of barite and probably calcito wore also 


prohont, although they were not detected by the eye. Tho result of my analysis 
of the ore (dried at 100^ 0.) was os follows : — 


Copper equiv. to *66 of 8 2*22 

Copper falciilated as cupric oxhIo 01*46 

Ferric oxide (uith tr. of Al^ O,) . . ^ , , , (j .74 

Lime -26 

Baryta .55 

Carbonic add • 16*X8 

Silicic acid . . , , 4.39 

Pbosphotic acid 

Sulphuric add .29 

Sulphur . .59 

Water* 


X00D7 

Tl»o barium sulphate -was included in tho residue insoluble in aqua regia,® 
together with the bulk of the silioa, which was entirely Soluble in .iVal? Tho 
sulphur was clearly derived from the chalcooite. Tim fotrid qxldo was evidently 

X . ^ * f 

^ 'Ihe auiouai ot ^ter djCtermiuod by direct wciglnp^p^, ^ 

- AIho m the residat^ jlbiwlithk in bydrocUlwic add« ^ ' 
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meclianically taijrod, being loft (with silica^ as a rod powder when the mineral 

wae treated with dilute flcid. 

It was not found possible to isolate suftciont cliryfiocolla in a pure state from 
the ore to make a separate analysis of it* Adopting, however, the normal com- 
position of the minoral, the above figarcs would be equivalent to— 



After deducting the cupric oxide and wiftcr 0 (|ui valent to the silica, and the 
carbonic acid equivalent to the lime, there lomaliis a rcsidiu* of, woier 6 311, car- 
bonic acid 14 98, cupric o\i<le b3 Gb ; quantities which have the oxygen ratio of 
1 : 1-92 . 1-9? ; the oxygen ratio in typical malachite being 1:2:2. IMh clear, 
therefore, that the ore is an impure mnjachito owing its dark colour to admixture 
with ferric oxide and chaloocito. Some specimens, indeed, of the flannypontah 
ore, which are seen to be impure malachite by the eye, have a dark colour owing to 
a smaller admixture of the same kind. 

It is not certain tlmt the lime exists as calcite, but it is probable, cnlcite 
liaving, as before remarked, boon found in some specimens of the oro. The 
point is, however, of no importance with rofei'cnce to the main question. Tims, 
if the lime be included with the chrysoColla, the above-mentioned ratio will l>e 
1: 1-94: 199. 

I have alluded to small portions of the mysoiin in which, when viewed with 
a lens, ginon is almost abhont. Kragmonts of such, when dropped into dilute 
acid, give merely a minute bubble or two of cai*boiuc acid ; the liquid is faintly 
tinged with green# and the fragment romaiuM almost unacted on. When heated 
with strong bydrooWoric acid, iron is abundantly dissolved. Such portions of 
the ore are in foot merely oebreous ferric oxide. The amount of effervescence 
increases with the amount of green visible in the spocimens experimented on. 

A^acamfto,— Am<mgrii the spocimens of copper oro from the Wolloi'c district 
in the Museum, the**e is a mass of ehaloocito, which appears to have boon origin- 
ally obtained by ^ gmiWeman who endeavoured, but unsuccof^sfuWy, to 

work tho mines abtjii|'|b0 The specimen Weighs about six pounds, 
and evidonfly formed jportipu of an irregular vein, iwo or thruo inches thick* 
It oontJiiufaafew of msguetitc, md is intersected by^small, 
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irrcpfular RoamH contoiiiing (with some molaohite) dark emerald g^on, translucent, 
rrystals, which, on examination, prorod to be otacaraite. The point is worth 
noii(‘e, in ibttt the locality in question is, 1 believe, the only one in which ntaca- 
inito is known to occur in India. 


On CoiuiNDtTM ruoM ims Kuasi Hills, ay F. R. MALLisr, F. 0. S., 
Geological Survey of India. 

Amongst the specimens lately ti*ansferrod from the hlconomio to the Geolo- 
gical Museum, was one of “hone stone**, locally known as ** maushynrut’*, from 
the Khasi Hills. Its high specific gravity attracted my attention, and on examin- 
ation it proved to be corundum. It is a finely gninular, light gi*ay, or grayish- 
white rock, containing microscopically minute specks of a translucent, dark red, 
mineral. It scratches topaz with ease. Tlie specific gravity is 3*03. Tt appears 
from information ohtaiiicd by Colonel Slierer, Deputy Commissioner of the Khasi 
andflaintia Hills, towliomtho matter w^as referred, that the mineral is procured at 
a village called Kongiyniew “towai'ds the north-west of, and at a distance of about 
two days’ jonrney from Nongstoiu.” Kongstoin is the capital of a potty Khasi 
state; latitude 25° 31' longitude 93|j|^20'. Tt would seem that there arc noquaiTies 
of the Stone, but that the villagers pick up pieces found loose on the surface, 
and use it locally, as besfore mentioned, for hone or rather grind-stones. 

As the edge of the hills to the north-west of Nongstoin is about 30 miles 
from that place, and within 15 miles of the Brahmaputra, it would appear that the 
locality where the corunduiu is found cannot bo very far from the edge of the 
hills, and that it is vsdthin a day or two’s journey from the river, for carts or 
laden aniimils. I f, therefore, the stone oconrs in largo quantity-*-a point respecting 
w’bich no information is available — it is worth attention commercially. Comn- 
duin is found in largo quantity in South Kewah,^ and notwithstanding the fact 
that it is more than a li and red miles fj*om the railway, over a road of which 
the first third is execrable even for laden cattle, and impassable for carts, tho 
corundum is exported to some oxUmt to Mirzaiim*. Tire Khasi stone, tliereforo, 
if found near the edge of the plains, would bo for more advantag(‘ously situated 
with respect to carriage. Tho Bewab corundum is a tougher, less easily pnl- 
vci^ized stone than the Khasi. Whether tho powder of the latter, however, would 
do the same amount of work as that of the Bewah, is ojicn, perhaps, to quc.stion. Wo 
are indebted to Colonel Sberer for a specimen of tho corundum lately received, 
weighing alK)ut 20 pounds and meastiring about 4x7x9 inches. It had evidently 
been in use as a grindstone. 

i Koconh, Vol. V, W, Vul. VI, 
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Note on the JogA NEIOnBOUBHOOD aw obb mikbb on the Nbebubba^ hy 

G. J. Nicholas, o. s., Ojfficiaiing OommiBMneir of Hjtriee, O&i^tral Provinces, 

Tn the tract of country between tho Great Indian Peninsula Railway, tbo 
Chota (wbicb divides theNim^randHosbangabdd districts), tbo Nerbudda 
and tbo Ganjdl river, most of tbe western area is composed o£ xnctamorpbics and 
Bijdwars, and these in tho eastern area pass under alluvium. 

Granitic and syonitic rocks show at Uarda in tho river bed. These rapidly 
pass into gneiss as wo go north-west towards Handia. Tbe gnoiss soon passes 
under choHy bands and quartzose breccia. Duo noi-th from Harda about soven 
miles, and to the east of tbe road to Dandia, the streams lay open beds of much 
disintegrated granitoid or gneisbic rock which would probably yield kaolin. 

Between two and three miles south of Handia small hills, with a westerly run, 
are met, composed of a peculiar quartzite belonging to tho Bijdwar series. 

At Handia the bed of tho Nerbudda is of granite, tho felspar being of a 
marked red colour. Across the river at Nimdwar, the quai'tzites again come in. 

From Harda to tho south-west, granites are found till the Mdehak valley is 
met near Mandla. Further down tho railway line trap comes in, a softish red 
or reddish purple stone, easily cut and used for bridge work. 

Down the Mdchak which runs in a nortli-wllt direction at Dhanwdra, a coarsely 
crystallized proiogene rock forms tho bed of the stream. 

At Deopur a limestone has been quarried to a considerable extent.' 

Westward of this, through Qambir to the Chota Tdwa, there is much schist 
and gnoiss, with trap outliers superimposed. Going due west of Harda to 
Sonialai, 1 quickly left the granite and syenite and passed beyond the gnoiss. 
From this to Sontalai, bands of yellowish brown chert and outcrops of a highly 
bilicious limestone (Bijdwar) alternate in a most confused manner. Where them 
are hills, as at Niljhar, they are mostly of quartzite with chert and jasper. The 
surface of the limestone is much weathered and gnarled, and tho silioious layers 
stand out in relief, often assuming the half vitrified look of homstone. Close to 
Sontalai, thorn is much ferruginous debris, probably from the numerous iron 
melting furnaces once worked on the western side of the village. 

A curious conglomerate rather than breccia occurs in tho btream west of tho 
village, tn the afternoon I went to the iron mine about two and a half miles from 
Sontalai near the Mdchak river, seemingly a pocket of haamatite and iron ochre 
it has been worked out to a depth which is below tho present level of the water 
in the pit. About hero, frequent and quick transitions tako place from gneiss to 
schist and narrow greenstone or diorite bands, giving tho appearance of inter- 
stratification. The position of these and of tho schists is generally nearly vortical. 
Ltunps of quartz and nodules of trap lie about on the ground, also a few agates 
and Hints. From Sontalai to Joga actoss the Anjan, the tmp and greenstone 
dykes, and metanM?*pbio schists disappear. The elevations are almost entirely 
of quartzite, and the ye^ot^brown cherty jasper is much stronger. South of 

The aiwciuieni fomi4«d tn of I4ineta limeitono, the Mine u that qnnrricd «t Jabalimr. 

\ ' . n R.M. 
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•fogtt Kliurd, a strong coarse of Bijawnr grey weathered limestone strikes to cross 
the Norbudda, which river boro rans from north to south. The limestone course 
can be seen forming a reef aciH)ss the bod of the Nerbudda, but not quite at right 
angles. The course is nearly north-east- by-east to south -wofit-by- west, ^ 

Betwc<m Joga Khurd and Joga Kalan, cherty or jfisper breccia is very com- 
mon, and almost seenis to overlie the Bijawar limestone. From Joga Khurd it is 
about half a mile to the excavations known all through the country as the 
“ (5handi Khadan (silver mine).* 

The pits are in two parallel liin^s. The moat northeim line is apparently a 
continuous excavation of about half a mile in length on the Bijawar limestone 
band. The depth and width vaiy greatly, and the direction imns pretty straight. 
Those open excavations end about 250 3 '-ards fi'om the banks of the Nerbudda; 
the lino, r Ihiiik, generally showed snmo elevation as compared with the ground 
on cither side. The depth may be gencrjdly about 25 feet, and the bimdth 15 
feet. About 250 *yards south of this lino of excavation is the second line of 
C'xcavations ; tlu'so are generjilly miicli nan’ower and much deeper, much niore 
like evidences of sinking on a lode. Hero generally thoi*o was a determined di[> 
of about 80® to the noiih, the strike being as described wbere the limestone rot'fs 
cross the Nerbudda. Where tlyj limestone ridge comes to the surface, Uio 
weathered appeai'anee of the rock is i^emarkably wild and weird. Tlie excava- 
tions aie not all in one lino or continuous. Aj)parently paxullol and intersecting 
lodes or leaders have been followed. 

The length of these excavations was less tlian that of the northern run. Tn 
some places irom ttui to twelve feet in widtJt appear to have been dug out, but 
g<‘uerally six feet would bo the average. In some parts a considerable depth, 
a bold 40 feet, was attained; in one pit is water found. This has a depth of 
h feet in a small pit or ))oeket at the extremity of the oxoavation, whieb elsewhere 
was about 30 feet dee]). From this 1 took most of my specimens. 

Although at the surface the rock is very contorted, and shows some sign of 
concentric formation atid numerous silicious bands like homstone, we soon got 
down into fairly settled ground. Bui at ibo bottom I saw a ttmdency to poc*- 
kets, there being round holes or nests picked out by the old miners. From the 
depth where X was woiking, I could sec notliing else to lead me to think that the 
hale went no deeper ; ])ul J had not the opportunity of testing this. From the 
s|)ecimt‘ns procured it will bo seen that the limestone, through which probably a 
si rong lode ran, is interspersed with mineral. This shows most frequently in the 

^ Tho roimtntSon of the old pits nt Jopi as silver mines is certainly of no very recent invention, 
b) March 1855 my iiitentioii drawn to them by Ooptoin Nembliard, then Assistant Commis- 
sioner at Iloshatigfibiid. 1 found the mim^ just ns described by Mr. NicholU (there were then no 
maps of the ground) ; the de}>oHit seemed to be so thoroughly worked out that 1 bad some diihcnlty, 
with oid^ a hammer, to make out what the ore was. A very much rlioher ore than any now visible 
W'us no di>ubt found in the old excavations, and it is quite possible that similar bunches may still 
lie to the <U*<‘p of the old workings. The JCampura iron 0W», which is probably that referred to 
h> Mr. Nieholis, occurs us a vein in the Bijdwar jasper^bfccola. It is a rich rod-ba»natite, 
Ih'tugh In plitoes much mixed up viith the jasper rock. 


H* B. MficwooTT. 
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linos of jointing. It would look as if occasionnlljr 1 have got fragments of loaders 
or strings belonging to a largo lode. 1 saw no marks of blasting, or of tlic use of 
crowbars. 

The country around is all foft^st, and the soil very ])r)or. The Alowassi 
Kurku is almost the only inhabitant. JIo is snporstitiona and would nevt'i* have 
been able to execute the mining work to be seen at Joga. This was j)robably 
dono by the Pallians, who held the fortress at Joga Knlan, a building supiiosed 
to ho of the time of Alamgir. Many oth(‘r reasons besides e\haustion may have 
led to the abandonment of thes<‘ works; for instance, inability to eontro) the 
water in the lower levels, want t)f ac'qiiainiance with inaehinery for raising the 
ore with tools, and methods of blasting for breaking down tbe roek, or the fall 
of the Mogul power at llandia, and <he Miccession of tho Mowassi and Pindhari 
robber hordes. One cobra ]>ut to (light tivo workmen of mine. They consuUs'od 
him to be the guardian of the treasures In prospecting both this year and Itisl, 
J had to use my rifle. 

Possibly it might be w^orth while to spend a little money in trying lo 
expose the lode or in driving eross-eiils Water power is probably avuikible foi* 
slamping 

NOTE. 

The Bamplob from Uio Joga iniiHS M'lil Mr. Niriioll^ to tho (loologionl Siir>oj (Mlioo, 'imto 
as follows t — 

No. 1.— Dug by Mr, NicboUs from tho roiumuii of (f any or pocket, iiour llio botbnn of tb(‘ 
Svater int*^-gra> (l«)lomUio limenUiue, (outaming a low oborty layors . gnloua i«i very s]>.nsfly 
dibsemiiiuiutod tlimugU both liineHiouo and cla*rl, mid in one or two specimens, Hpoeks of o<)j>)»er 
P3 rites wore obborved. 

No. 2.— Dug out from side of ibo exoavation of tbe ‘cobra Hpisdinens wmilar to No 1. 

No. 3.-*- Casing of a ijockot ill the ‘ water pit*, dug out liy Mr. Nicholls — foiTugiiiouH, rniin- 
ganiferoub, dolomitie liinestoiio witli cberty bunds ; galena and eojiiier jiyrites diBsomminatod »h 
in No. 1. 

No. 4, — From debris at surface of ‘pmitlior pit,’ — graj dolomitie limestone with spooks of 
galona. 

No 6. — Casing fiimi ‘water pit,’ dug out by Mr Nicholls -foirugi nous manganifci’ous, 
dolomitie Ihm'stono. 

No. 6,— From dobris of ‘water pit* and ‘ hyania pit’ — same as No. 6. Some ])iuce8 are 
sufficiently foiTUginouh to be called siMithic iron. Contains a few bp(‘ckh of galena. 

13eHidcs tho above, a (]uantily, porhapu half a ewt., of stone was boiit, tiiUen from tho debriKS of 
severnl workings. It was similar to the sainplo No. 1. 

None of the above deseribod samples showed any signs of tho ovistonooof a lode. Tlw galena 
is veiy scantily dissomminatod through tho limestone and chert thomselvea. The jicrcenlago ot 
ore to gang no is extremely small, so much so thatitwtib uoeessary to pulvorue and wash several 
pounds of stone to obtain sufficient galena for tm assay. Tlio specimens sent are thcuibclvos 
useless as an ore, although of course indicating tho possibility i)f galena occurring in larger 
quantity. Astboy were mobtly taken from the mere debris of tho minob, they cannot be regiinled 
as fair samples of what tho average ore formerly oxtrmdtd was. To really tost tho value of tho 
mines, it would bo necessary to excavate sufficiently deep to i»enetrate beneath tho old workings. 

The lead extracted from tho galena was found to contain 21 ounces of silver to the ton ; a very 
fair proportion.'butcoitainly not one which would culitlo the mines to tho name of 'silver 
mines,* rather than load roi«e<‘. 


F. B. 
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DONATIONS TO THE MUSEUM, 
1st April to 30th Jvm 1879. 


[yoh. xti. 


Corundum from ihc Ehdsi Hills. 


Donoi'if. 


Colonel J. F. Suerbh, 

Ve^tity Oomnissioner. 

Coal from the Ledoriver^ Mllkum Field, Upper Assam. 

C Ewing, Esq. 

10 stone hatchets (neolithic) from Vellore. 

9 ditto ditto Banda. 

J. CocKBUiiN, Esq. 


ADDITIONS TO THE LIBRARY. 


From 1st April to 30th June 1879. 

Titles of Books, Dofiors, 

Ball, V. — On the forms and geographical distribution of ancient stone implo^ 
ments in India (1879), Svo. pamphlt., Dublin. 

The Authoh. 

„ „ On the volcanos of the Bay of Bengal (1879), 8vo, paini)hlt., London. 

The Author. 

Encyclopsedia Britannica, Vol. IX, 9th Edition (1879), 4to, Edinburgh. 

Gauury, ALBEKT.«^Consid<irations sur Ics Mammifdrcs qui ont vdeu en Europe 
h la fin de V Epoque Mioedne (1873), 8vo, Paris. 

Haeckel ERNST.^The Evolution of Man, Vols. l-II (1879), 8vo, Londom 
Hamilton Walter.-— A Geographical, Statistical, and Historical description of 
^ Hindostan and adjacent countries, Vols. I and II (1820), 
4io, London. 

Jannettaz, E. — A Guide to the determination of Rocks (1877), 8vo, New York. 
JuNGHUHN, Fr. — ^Fossfles do Java^ Part IV, Echinodermes (18S4), 4to, Leido. 
Kikahan, Q. H. — ^Manual of the Geology of Ireland (1878)» 8vo, London. 
Lbpsius, De. Riohaed,— Das Westliclio SUd-Tirol (1878), 4to, Berlin. 

Lewin, Major Thomas Herbert.— A Manual of Tibetan (1879), 4to, Calcutta. 

Dibbotor op Public Instruction. 


Mura, RiJENUBALiLA.— Buddha Gaya, the Hermitag© 
4to, Calcutta. 


of SAkya Muni (1878), 
Bbnoal Government, 


Mojsisovics, Edmund.— Die Dolomit-Riffe von SUd-Tirol und Vonetien, heft 
IV-VI (1878.79), 8vo, Wien. 

Phipson, T. L.^Metoors, Aerolites, and Palling Stars (1867), 8vo, London. 
Rammelsbebg, Dr. 0. F.— Guide to a course of Quantitative Chemical Analysis 
(1872), 8vo, New 
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Titles of Boolis. Bomra, 

Bosoos, n. E., and Schorlemmkr, C.-*^A Treatise on Ohetnistry, Vol. II, Metals, 
pt- 1 (1878), 8 VO, London. 

Ross, Wm. ALBiANnBB.-*“Pyrology or Piro Chomisti?y (1875), 8vo, London. 

C. A. Hacket, Esq. 

Stbinbach, Lieot.-Coi^iONEI..— The Punjab ; being a brief account of the country 
of the Sikhs, (1846), 8vo, London. 

ZiTTEX., K. A.^Handbuch der Palosontologio, Band I, lief. 2 (1879), 8vo, Mun- 
chen. 


PERIODICALS, SERIALS, &c. 


American Journal of Science and Arts, 3rd Scries, Vol. XVI, Nos. 96-101 
(1879), 8vo, New Haven. 


The Editors. 


Annalen der Physik und Ohomie, New Series, Vol. VI, Nos.^3-4, and VTT, No. 1 
(1879), 8vo, Leipzig. 

Annales dea Mines, 7th Series, Vol. XIV, livr. G (1878), 8vo, Paris. 

L.’Admins. des Mikes. 

Annals and Magazine of Natural History, 5th Series, Vol. Ill, Nos. 15-17, 
(1879), 8vo, London. 

Archiv fhr Nafcnrgoschichte, Jahrg. XLV, heft 2 (1879), 8vo, Berlin. 

Atlienoeum, No. 2021 and Nos. 2670-2693 (1878-79), 4to, London. 

BeiblUtter zu don Annalen der Physik und Ohemie; Bond III, Nos. 3 to 6 (1879), 
8vo^ Leipzig. 

BibliotWque Univcrselle et I^vue Suisse, 3rd Series, Vol. I, Nos. 1 — 3 (1879), 
8vo, Lausanne. 

„ „ Archives dea Scionoes Physiques et Naturellos, New 

Series, Vol. LXIV, No. 252, and 3rd Sor., Vol, I, Nos. 1-2 
(1878-79), 8vo, Geneva. 

Chemical News, Vol. XXXVII, No. 947, and Vol. XXXIX, Nos. 1005-1019 
(1878-79), 4to, London. 

OoUiory Guardian, Vol, XXXV, No. 890, and Vol. XXXVII, Nos. 948-961 
(1878-79), fob, London. 

Geological Magazine, New Series, Decode II, Vol. VI, Nos. 3-5 (1879), 8vo, 
London. 

Iron, New Series, Vol. XIII, Nos* 320-334 (1879), foL, London* 

Journal de Conchyliologie, 3rd Series, Vol. XVIII, No. 4 (1878), 8vo, Paris. 

Just, Da. Lbop.— Botanischer Jahrosberiohto, Jahrg, V, Abth. 1 (1879), 8vo, 
Berlin. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science, 
5th Series, Vol. VII, Nos. 42-44 (1879), 8vo, London. 

Mining Journal, with Supplement, Vol. XL VIII, No. 22X3, and XLIX, Nos. 
2271-2284 (1878-79), fob, London. 

Monibly Journal of Science, 3rd Scries, Vol. I, Nos. 63-65' (1879), 8vo, 

London. 
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Records of the Givlogival Survey of India, 


[voL. XU. 


Tithe oj Boohs, JDottors. 

Nature, Vol XVII, No, 420, aud XIX, Nos. 487-601 (1878-79), 4to, London. 

Neues Jahrbuoh fUr Mineralogie, deologie, und Palsoontologie, Jahrg., 1879, Left 
3 and 4 (1879), 8 vo, Stuttgart. 

Pal 6 ontologio Pran^aise. Terrain Jurassique, 1 st Scries, Animaux lnvert 6 bres, 
livr. 41, and 2 nd Series, V 6 g 6 taux, livr. 27 (1878), 8 vo, 
Paris, 

Petcrmann’s GoograpliiBcbe MittheiJungen, Band XXV, Nos. 3 — 6 (1879), 4to, 
Gotha. 

„ „ Supplement, Band LVII (1879), 4to, Gotha. 

Professional Papci-s on Indian Engineering, 2 nd Series, Vol. VlII, No. 82 (1879), 
8 vo, Jloorkee. 

Thomason College of Civil Enoinbekinq. 

Quai 4 crly Journal of Microscopical Science, Now Series, Vol. XIX, No. 74 
(1879), 8 vo, London. 

Reports of ilic Mining Surveyors and Registrars for quarter ending 31st Decem- 
ber 1878 (1879), flisc., Melbourne. 

Government Mining Depakimeni. 


GOVERNMENT SELECTIONS, &c. 


British Burma.- Report on tlio Administration of British Burma during 1877-78 
(1879), fisc., Rangoon. 

Chief Commissioner, Bbitisu Burma. 
lNi)iA.~Annual Administration Report of the Garo Hills for 1877-78 (1878), 
8 VO, Calcutta. 


Foreign Department. 


>» 


Annual Administration Rej)ort of tho Manipur Agency for 1877-78, No. 
153 (1879), 8 vo, Calcutta. 


Foreign Department. 




Eliot, J. — Report on tho Madras Cyclone of May 1877 (1879), 4to, 
Calcutta. 


Meteor. Reporter to Government. 


„ List of Civil OtEcors holding gazetted appointments under tho Govern- 
ment of India in the Home, Logislatiyo, and Foreign De- 
partments on 1st January 1879 (1879), 8vo, Calcutta. 

Home Department. 

„ Selections from tho Records of tho Government of India, Foreign Depart- 
ment, No. 154 . Report on the Politicai Administration of 
the territories within the Oential India Agency for 1877-78 
(1879), 8vo, Calcutta. 

Foreign Department, 

„ Tho Raj)>utaniEt Gazetteer, Vol I (1879), 8 V 0 , Calcutta. 

‘ FoltEiOK Department, 
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Titfes of Bool(t, Donors 

Tnt>ia. — T uoTTJiitt, Capt. W. P*— Report on the AdminiKiration of Jowai for the 
year onditig iilst March 1878 (1878), 8vo, Oalcutia. 

POKBION DePAHTMKKT. 

„ Walker, Coi*. J. Account of the Operations of the Groat Trigonomet- 
rical Survey of IndiR, Vols II — IV (1870), 4to, D6hra 
D6n. 

Surveyor GENERAr^. 

„ „ Major-Qknl, J. T., and Vanrenbn, Major-Genl. D. C. — General 

Report on the Survey Operations in India during 1877-78 
(1879), flso*, Calcutta- 

Surveyor General. 


TllANSACTTONS, PROCEEDIKGS, &c., OP SOOTBTTES. 


Ba'iavia.— ‘AlpJiabetisolie Lijst von Iiand-,Zec-,Hivicr-,Wind-,Storm on Audero 
Kaartcn (1873), 8vo, Batavia. 


The SociE'iY. 

Codicum Arabicorum in Bibliotheca Societatis Artium ot Sciontiarum 
quin Batavia) floret Asservatonim Catalogum (1873), 8vo, 
Batavia. 


The Society. 


ITotulen van do Algemeeno eu Bestuurs-Vergaderingon van hot Bata- 
viaasch Genootschap, Deol IX (1871) ; X, No. 4 (1872) ; 
XI, 1—4 (1873) ; XII, 4 (1874) ; XTII, 1—2 (1875) ; XV, 
2—4 (1877); XVI, 1—4 (1878), (1871-78), 8vo, Batavia. 

The Society. 


Tijdschnft voor indische Tiial-Land-en Volkerkunde, Doel XVII 1, 
3-4; XX, 3-6; XXI, 1-2 and 5-6; XXII, 4-6; XXIII, 1 ; 
XXTV, 4-6; XXV, 1-2 (1871-79), 8vo, Batavia. 

^The Society. 

Verhandelingen van liet Bataviaosch Genoot&chap van kunsten en 
Wetonechappon, Doel XXXVII-XXXIX, No. 1 (1875-77), 
8vo, Batavia. 

The Society. 


Vcrvolg Catalogus der Bibliotheek van hot Batavioasch Gonootsohap 
(1872 and 1877), 8vo, Batavia. 

The Society. 


Bbleast.— P roceedings of the Belfast Natural History and Philosophical Society 
for 1877-78 (1878), 8vo, Belfast. 

The Society. 


Bbrlw* — M onatsboricht der Konig. Preuss. Akad. der Wissenschaften m Berlin. 

December 1878, and Januaiy and February 1879 (1879), 
8vo, Berlin. 

The Academy. 

„ Zeitschrift fur die Oesatnmten Naturwissensohaften, Band III, hoft 
1-6 (1878), 8yo, JBerlin. 
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Title* of Boohs. * Donors. 

Bohbat,— J oumaJi of iho BomTioy Branoli of tlio BoTal Asiatic Society, Vol. 
XIV, No. 36 (1879), 8vo, Bombay. 

ThB SOCIISTT. 

BsussEts.'— Bulletin de la Soci4t4 Beige de G^ograplue, No. 6 (1878), 8yo, 
Brussels. 

The Socibtt. 

CitcUTTA.— Journal of the Agrioulturol and Horticultural Society of India, 
Now Series, Vol. VI, Pt. 1 (1879), 8yo., CalcuttO. 

Th* SoCIEtT. 

„ Journal of the Asiatic Society of Bengal, Vol. XLVII, Part II, 
No. 4, and XLVIIT, Part 11, No. 1 (1879), 8 to. Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. II-IV (1879), 8vo, 
Calcutta. 

The Society. 

„ Meducott, H B., and BiiAStFORn, W. T. — ^A Manual of the Geology 
of India, Parts 1 and II, and Map (1879), 8vo, Calcutta. 

The Gboeoctoai. Subtet. 

„ Pa]ax>ntologia Indioa, Series XIII, pt. I (1879), 4to, Calcutta. 

The Subtet. 

„ Becords of the Geological Survey of India, Vol. XII, Part 2 (1879), 
8yo, Calcutta. * 

The Subtet. 

CoFENiuoEN.*— Oyersigt oyer det hong, danske Videnskaberoes Selskabs, 1878 
No. 2, and 1879, No. 1 (1879), 8 to, Copenhagen. 

The Acadeht. 

Dresdeh. — SOHEEIDEE, Db. Oscar. — Naturwissensobaftliche Beitrtige zur Kennt- 
> niss der Eanhasuslander (1878), 8yo, Dresden. 

The Academt. 

„ SitEungs-beiichte der Naturwissenochoftlichen Gesdlschaft Isis in 
Dresden, Jahvg^ 1878, Januaiyto July (1878), 8to, Dresden. 

The Sooibti. 

Bmhbubgh.— Proceedings of the Eoyal Society of Bdinburgh, Vol IX, No. 100 
(1878), 8vo, Edinburgh. 

The Societt. 

„ TransaotionB of the Royal Society of Edinborgh, Vol. XXVllI 

Part 2 (1878), 4to, Edinburgh. 

The Societt. 

Fbametubt. Abhandlungon yon deT Senokenbergisohen Naturforsohenden Geselh 
schaft, Banu XI, heft 2«3, (1878), 4to Franlcfnrt. 

LoHiK>M.'*-«Prooaedings of the Diterary and Philoaopi^cEl SooiOty Of IdreiTCol, 
Vol. XXXII (1878), 8to, London. 


The Societt. 
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TdhB cf Books. Donors. 

LoytoON.—Proeeodings of tlie Royal Oeographioal Society, and Monthly Record 
of Goography, Now series, Vol. I, Nos. 3-3 (1879), 8ro, 
London, 

Proceedings of the Eoyal Society of London, Vol. XXVIII, Nos. 100 
to 103, 1878-79, 8vo, London. 

The Societt. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXV, 
Part I, No. 137 (1870), 8vo, London. 

Tnij Society, 

,, Report of tho Council of iho Zoological Society of London for 1878 
(1879), 8vo, London. 

The Socictt. 

Madhid.-— B oletin do la Soeiedad Ooographica do Madrid, Vol. V, Nos. 3-6 
(1878), and Vol. VJ, Nos. 1-3 (1870), (1878-79), 8vo, 
Madrid. 

* The Society, 

Moscow, — Bullolin de la SociStd Impdrialo des Naturalistos, Vol. LITI, No. 2 
* (1878), 8vo, Mohcou. 

The Society, 

N®iJ0HATni:<,— Bulletin do la Soci^tf* dcs Sciouces Naturellos de Neucliatol, 
Vol. XI, pt. 2 (1878), 8vo, Nouchatol. 

The SotauTY. 

Paris.— Bulletin de la Socifit6 G6ologiquo do Franco, 3rd Series, Vol V, No. 11, 
VT, No. 5, and VII, No. 1 (1878-79), 8vo, Paris. 

The Society. 


PhiijADET<phia, — Journal of the Franklin Institute, 3rd Series, Vol. LXXVIl, 
Nos, 3-5 (1879), 8vo, Philadelphia. 


Rome. — Atti della Reale Accademia doi Lincoi, 
pts, 3-6 (1879), 4to, Rome. 


The Institute. 
Series HI, Tramsunti, Vol. Ill, 

The Academy^ 


Si. Petersburg, — Bulletin de L* Acadt^mio Imp6rialo des Sciences de St. 

Potersbourg, Vol, XXIV, No. 4, and XXV, Nos. 1-2 (1878), 
44o, St. Petersbourg, 

The Academy. 

M^xnoircs de L* Academic Imp^rialo des Sciences, 7th Series, 
Vol. XXV, Nos. 6-9, and XXVI, Nos. 1-4 (1877-78), 4to^ 
St. Potersbourg, 

The Academy. 

Stuttoabt. — Jahroshofte des Vorein^ifUr Vatcrlandisohe Naturkundo in Wurttem- 
berg, Jahrg. XXXV (1879), 8yo, Stuttgart. 

TASAtANU»*-Pap6*^R and Proceedings and Report of tho Royal Sociely of Tas* 
xnonia for 1877 (1878), 8vo, Tasmania, 

Tun Society. 
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Tiilet of Boohs. Domis. 

Tuiiiir, — ^Afcli della B. Aoeadeiaia dollo Scienze di Torino, Vol. XTV, No» 2 
and 3 (1879), 8ro, Torino. 


The Academy. 


TneCANTt— Atti dolla Societa Toscana di Soionzo ISTaturah*, Prooessi Verbali, 
9tli Marzo 1879 (1879), 8vo, Tuscany. 


Thb Soojbtt. 


V iDHNA.-^Denksclirifteii dcr kais. Akademie der Wissenscliaften, Band XXXV 
and XXXVIII (1878), 4to, Wien. 

The Academy, 

, , SitznngsborioliLto dcr kais. Akademie der W issen schaf ten, Band LXX VT, 

Abtk. I, heft 1-5, Abth. II, heft 3-5, Abth. 1 11, heft 1-5, 
Band LXXVII, Abth, I, hoft 1-4, Abth. II, hoft 1-3, and 
Begisier zn don Baendon 65 bis 75 (1878), 8vo, Wien. 

The Academy. 


YoKOHAMA.-*Ti"anBactionB of the Asiatic Society of Japan, Vol. I (1874), to 
VT, 3 (1878), and VII, 1 and 2 (1879), (1874-70), 8yo, 


Yokohaana. 


The SoniJi'Y. 


MAPS. 

Carta Geologica de Portugal (1876). 


Sen CAm.QS Bibeiro. 


June 1879. 



RECORDS 

OP TnB 

GEOLOGICAL SURVEY OF INDIA. 


Part 4. ] 1879. L November . 


Note on the ‘^^Attock slates ” and their prorablb oeological position, hy 

Dr. W* Waaoen. 

In tib Records of tlio Geological Survey of India, VoL XII, pt. 2, there 
is a paper by Mr« Wynne, entitled ‘‘Purther notes on the goology of the 
Upper Punjab/* which bears a special interest on account of tbo general 
views on the geology of that country^ As many of the points treated of in 
the paper aro yet to be considered as open questions, it seems not advisable to 
pronounce any opinion on them until further materials have been collected, but 
it may not be useless to notice some points which might be of value towards 
the elucidation of the questions discussed by Mr. Wynne. 

There is before all the ago of the “ Attock slates.” Mr. Wynne is quite 
tight when he considers the evidence upon which the opinion, of , their being of 
Silurian age is founded veiy scanty indeed ; and only the abs^^i^ of any other 
clue towards the determination of the age of those slates could at the time jus- 
tify the, opinion expressed in our joint memoir on Mount Sirban, that the oc- 
currenco of lower Silurian fossils in, gravolsdn the Kabul river, which lay approxi- 
mately in the strike of 'the “ Attock slates,”, would make a silurian age pi*obable 
also for the latter. 

Itiib very much tO. be regretted that to the careful search of Mr. Wynne the 
slates have proVed absolutely unfossillferous up to the present. Yet this sterility 
in fossils seems not to prevail at all localities. Among the materials which have 
been most liberally sent tome by the Gteological Society of London, there are 
about 4 ddEen specimens of a Spirifer, which bear, however, only the label 
Punjab.” These specimens are preserved in a black slate, which, if the speci- 
mens, came n^Hy;,from thePunjab,— <ind there is no reason why this should bo 
doubted, --Tihnet hai^ belonged Attock slates, as there is no other rock 

knowh to me in that part of India ■^rhich would bear similar petrographichl 
end sp^i^tip could have come. , , ; 
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Thougli tlioso fossik are more or loss deformed by oblique pressure, yet tlio 
species can witliout difficulty bo determined. All tlie spooimens belong to one 
and tbo same species, and cannot bo distingmsbed from Bpirifde Jeeilhavi, Buoh., 
(8fi. Salt,). As this species is one of those most characteristic of the 

carboniferous foimatiou in the Himalaya, and as thus tho dotermination of the 
age of tho rocks from which tlieso fossils camo considerably differs from the ago 
hitherto attributed to tho At lock slates, it is necessary to be doubly cautious in 
accepting the current opinion I'cgarding these slates. 

Tho rock in which tiie fossits are pi'escrvcd is, as stated ahovc, a black, not 
very hard slato, such as I have seen to occur at many places in tho Aitock slates ; 
but there arc also outside of tho Punjab somo localities where similar slates 
occur. 1 have myself scon similar slates from tho Milam pass which seem also 
to belong to the carboniferous formation, and seem to he there inferior to white 
limestones, also full of carboniferous fo<isilH, the latter, however, of a much more 
recent type. Similar slates have been described by Lydokker from Eishmakam 
in Kashmir, whilst at otlwT places in tho same territory tbo carboniferous fonu- 
ation is composed ncai’ly entirely of thick limestones. The slates of Mislimakam 
have been compared by l^ydokker to tho “ Kiol group ” and tho limestones to 
tho “ Gi*oai limobtono ” of ilio outer Himalaya. Thus it might bo \ery possible 
tliat in the Himalaya tho carbon ifci*ous formation should present two suh-di vi- 
sions, ono older slaty, and one younger calcareous sub-division. This, however, 
does not prevent that at many localities tho whole formation might be made ux) of 
nanssivo limestones. 

Tf, therefore, the fossils under consideration did not como from tho Punjab, 
they might have como from scveltal parts of tho Himalaya. There is, however, 
no reason to doubt their coming from tbo Punjab* There c:xists in the Punjtib 
a gi*eat amount of rocks ]->crfcctly similar in appearance to tJie rock in which 
tho specimons occur, and if those rocks up to the j>rosont have proved apx>arontly 
unfossiliferous, this does not exclude tho possibility that there exist localities 
where fossils do occur. That all these fossils belong only to ono s})ccies already 
goes far to prove that tho slates containing them are not very rich in fossils. 
How much it depends on circumstances whether ono does meet with certain 
fossils is also exemplified by tho fact that 1 as well as Mr. Wynne have heen 
searching in vain in the Salt-range for dctoiminablo x)lant remains, and yet there 
aj*o several beautifully prosorved xdant remains from tho Salt-range in the Geo- 
logical Society’s collection. 

Thus we may fairly accept tho indications of the label attached to these 
speoiniens of Spirif. keilhavi as correct ; and from this it would follow, that the 
Attock slates will have to he considered in future as belonging voiy likely to the 
qarhoniforous penod. 

If we accex3t this idew, one of Mr. Wynne’s remarks becomes of special im- 
portance ; this is that tho limestones of Gandgarh remind one more or less of 
Uio great limestone of tho Jamu hilLs. This would fit entirely into th(‘ state of 
things observed elsewh<Te, and tho dincrepanoy, at least in tlie carboniferous 
formarion, 1>ctweon Kashmir, Jamn, and Hazara would no longer be so striking 
Uh is Hupx)OScd by Mr. Wynne. These' Umcsioncs are entirely absent in tU(» 
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neiij^libouvliood of Moaut Sirbaii, and this aUsenoo possibly might acootmt for 
Iho marked unconformity there between the Atiock slates and the more recent 
formations. 

JJiit also for these lattei* Iho determination of the Attoek slates as of car- 
boniferous ago would lia^e a deciding influence, as then the geological horizon 
they ocen]»y niighi approximately bo fixed. Tn tho little innnoir on !^^ount 
Rirban, Mr. Wynnes and 1 have distinguished a gi’onp of rocks as llelow iho 
Trias,” consisting chiefly of clierty dolomite, to which are huhoi*<linate red 
sandstones and quartzites. Wo have separated tlieso rocks from tho Trias for 
the simple reason that there existed no proof of any kind that they Iwlonged to 
that formation, and as wo then considered the Atiock slates as of Silurian age, 
tho number of foimations to which those strata Below tho Trias could have 
been ossigTiod, was so vtuy largo, that it seemed only pinidcnt not to exprt'ss 
any definite ojunion as to their ago. Now tho case is quite different ; these bods 
would rest unconformably on tho carboniferous Atiock slates, and bo succeeded 
confoimably by upper iriassic or rhoBtic strata ; thus it becomes very probable 
that the strata Below tho Trias ” rejiresont tho Lower Trias, Muschol- 
kulk and Buntsandstein formations. 

In his more recent memoirs Mr. Wynne introduces iho designation of “ Infra- 
iriassic group ” for theso strata, and most recently ho considers this group as 
identical with his **Tanol series,” which is oxteTJsi\oly developed in the nortliern 
])art of Hazara; but such a homotaxis can hardly be maintained. Wynne's 
“Infra-triassic gx'oup,” or the group Below the Tnas” of our joint memoir on 
IMoimt Sirban, consists chiofly of chevty dolomites, and oxliibits sandstones 
and quartzites in a subordinate manner only, whilst accor<ling to the sections 
pubbshed byMiv Wynne, the Tanol series consists chiefly of slates, sandbioncs, 
and quaiH:zites, to which tho dolomitic limestones are subordinate. 

Besides tliis tlie thickness of the group ** Below the Trias ” and that of the 
Tanols is so enormously different that a comparison hetwoon tho two is barely 
possible. 

Tho only formation to which the Tanol scHcs seems to boar some resemblance 
is the Silurian of the more central parts of tho llimalaya (Milam pass, Niti 
pass), where tho fossiliferons beds consist also of white sandstones. 

The apparent superposition of these Tanol rocks o\er tho oarboniferons 
Attook slates can bo no reason for the rejection of such a pai’allelisation. Before 
it is possible to accept Wynne’s view that the Tanols are more recent than tho 
Attoek slates, and pass upwards into the gneiss which composes the central 
Himalayan chains, much stronger proofs, stratigraphical as well as i)ala^ontolo- 
gical, than those published in his memoir must bo adduced ; and until decisive 
materials are available, it will bomueb moropnident to considci* the whole silurian 
Tanol series as overthrown and faulted against the Attoek slates. Then tho 
riddles of the geology of Hazara will easily bo solved. 
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0]sr i HiBOIKAli wm Oir an TJNBBSCRIBKD TOBTOISB, from the TJfpeR SlWALlKS, 
NNAi,B KitiA, IN TIltB PoTWAB, PuNJAB^ hj W. ThbobalP, Geological Survey of 

^ TPhe botie which forms tho subject of the present remarks, and of which a 
figure of the natural sieo is f^ven, is remarkable for exhibiting a ttructural adapt- 
S^tiou which exists in no living species, and, so far as I am aware, lins not yet been 
described in any fossil. It will be nccebsary, therefore, to refer it to a new genus 
which I i^roposo to associato with the name of the illustrious follow-^worker of 
Falconer, Colonel Oautley, and characterize as follows 

Cautleya. 

Oenus Emydinorum^ novum, in quo sternum, ct thorax, ct ossa marginalia, 
autuxfi tripartiiA cartilaginel junguntur, sectionem morsum hinidinis simul- 
antem monstranto. 

The above character suffices to demonstrate the distinctness of the species 
. under consideration from any previously described, and tho specific designation 
is derived from the most prominent character of tho animal as yet known, and 
in the annular arrangement of tho marginal bones. 

C. ANNULIGER, n.s. 

Tho marginal bone, whereon I base tho above genus and species (and which, 
except a slight fracture at one comer, is perfect), is trapezoidal in shape and 
cuneiform in section. It presents an upper and undersurface, respectively slightly 
concave and convex, which wore shown to have been external surfaces by the 
clearly marked furrow which traverses them, and indicates tho junction of the 
superficial or dermal scutes (fig. 1, a h, fig. 2, cd). The bone is bounded laterally 
by a jagged sutural surface, whereby a complete and rigid bony union was 
eSeoted between it and the adjoining marginals, wliich must have constitufod 
an encircling bony ring of an extremely rigid character, from the great horizontal 
breadth pf the bones in question. Tho peculiar and characteristic feature, how- 
ever, <jf the bone lies in its internal margin (fig. 3, ef g) which displays a smooth 
surface, indicating a cartilaginous union only, with the bones of the sternum and 
thorax. This inner marginal surface is obscurely divided into two areas of . 
unequal breadth, of which the lower is broader and opposed to the sternal plate, 
whilst the up]>or and narrower surface receives the thrust of tlio bones of tho 
thorax. Tho thorax andsh'mura were no doubt miitcd by a cartilaginous suture, 
as a cartilaginous junction with the marginal is opposed to tho idea of a rigid bony 
union between tho bones in immediate contact with them, pince a rigidly anebylosed 
bony ring united only by cartilage to bones themselves joined by a Wy suture, > 
could lend no additional strongth, though it undoubtedly would do so supposing 
it to cover and defend a cartilaginous union of the sternal and thoracal bones. 

The length of the external margin is 5*5 inches, which indicates approxithatoly 
an animal close on 10 feet in circumfoxcnce. The condition of tho suture shows 
that the individual woe not of full age, and 12 or 14 feet may probably be assumed 
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as not an over estimate of the dimensionB of the fully adult animal, which pro- 
bably exceeded the dimensions of the largest GMtra^ though our positive knowledge 
of the precise limits attained by our living Cholouian is singularly meagre and 
limited. That OautleyawBB an aquatic species may be inferred from the cartilaginou»s 
union of the bones of its case, which in living species is seen in such fluviatile forms 
as Cuora and Cyclemys and is unknown in terrestrial forms. The opposite con- 
clusion, however, among Cholonia cannot be drawn from the complete ossification 
of the body case, as Balagur and its allies are possessed of as completely ossified a 
case, though strictly aquatic, as Teshido^ w'hich is entirely terrestrial. 

The specimen was obtained near Nila, on the Sohan river, in the Rawal- 
pindi district, in upper Siwalik strata, and in company with remains of Mastodon 
pemnemiSf F. et C., M. pandionis, F., Palmopithecus sivahnsisy Lyd., Acerrotherium 
perimense^ F. et C., and other Siwalik fossils. 

Among the collection from the same locality are fragments of a largo Testu- 
dine, exceeding in size the living Manouria. They consist of one anchylosed 
pair of epistemal hones, with a transverse diameter of 8‘5 inches (allowing for 
a slight fracture) ; a single right epistemal bone of a rather larger size, 2*5 inches 
thick and 6*25 long, and a free marginal (that is, one anchylosed to the thorax 
only) 3*3 broad and 4'51ong (measuring from the outer margin). 

These bones would indicate an animal nearly os large as the last, and probably 
fully equal to it in bulk. At present, however (with no other materials), it scorns 
undesirable to give it a name. 


Sketch or the Geology op North Arcot District, by R. Bruce Foote, F.G.S., 

Geological Survey of India. 

Tho North Arcot District, one of the purely inland districts of the Madras 
Presidency, is topographically characterized by its groat 
1 RTap y* irregularity of surface. Except in its south-eastern 
quarter, the district is extremely hilly and in some parts quite mountainous, In 
the west and north-west it embraces a considerable part of the high and rugged 
eastern scarp of the great Mysore plateau, from which many long spurs jut out 
far to the eastward. In the south-west it includes the northern end of the 
Jfavadi mountains and the Vellore , hills. In the north it includes the well known 
Tripatti mountains, the ‘‘sacred hills of Trippetty,” and the southern extremity 
of the, Veliakonda (Eastern GhS-ts so-called). The north-e$^tem comer of the 
district contains the Nagari mountains; and three groups . of lower. hills, the 
Sattayedtt, Alikur, and Naikenpaletn hffls, on the extreme eastern border of . the 
district, and a considerable number of detached hills in the gneissid county west\f 
of the Madras railWajr, ; Some of these latter, m the Ii^dur (MnSdeiOr), 
ghur, and Miakrs I>rdgl hills, and othe^, are of considet^hle he%ht 
In the south-east of the distnet only, two detachh<l ;hi^ head be Darnell 
Wandiwash and Ohitpat (Chittapett^. ^ 
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The hydrology of the district ls vciy simple, all the drainage falling into tlio 
Bay of Bengal and cliiefly by tlie P41Ar river, which, n'sing 
on the Mysore plateau, drains the whole southern halt' and 
gretiler part of the centre and west of the district. The north-eastern part feeds 
<ho Korteliar an<l Nagavi (Naggery) rivers, and also the IN'arnavarom and Suvar- 
imniukhi (Soomaniookey). 

The geological formations mot with in this district may ho convenionily 


Fonnations. 


classified into six: groujis, wliich may bo arranged in their 
true order of STiper]>osition as follows : — 


Kbcent and Post-ter- j ^ 


TIARY. 




Mesozoic 

... 3. 

Azoic 

...ff 


U- 


Soils and aubaerial fb'posita 
Alluvitil dc]K>eits ; fluviatile. 

Lateritic sands, gravids, and conglomerates. 

Ux>])or Gondwdiia series, Rajinabal or “i>lant** beds- 
Kadnpa series. 

Giioissic series, with intrusive trniipcan and granitic rocks. 


The gncissic series, whicli forms the hasement on which rest all the otlier rocks, 
General dUtributioi) of occupies by far the larger part of the whole urea of the 

the rocks. district, and it is only in the north-eastern and eastern 

parts that younger rocks occur. The gneissic rocks include all tho western part 
of the distn'et, and foim tho rugged oastem scarp of tho 
Gneissic ftorles. Mysore plateau already referred to (p. 187). Eastward of 

the plateau, are numerous spurs stretching away from it, and eastward of tlieso 
again are numerous elustcrsof detached hills, some of considerable size and eh'va- 
tion, and remarkable for their bold forms and great ruggedness. Those occujiy 
tho gneiss area up to the very convenient geographical line foj*med by the north- 
west lino of tho Madras railway, eastward of which the gnoissio rocks soon dis- 
appear unden newer formations, to l>o refon*ed to separately further on. The 
giieissic area souOi of the P4Mr sliows tho northern end of tho Javadi mounl/nins 
and the hills east and south-east of V'ellore. Further to tho south-east the gneiss 
area becomes comparatively flat, and no hills of any importance i*is 0 from its 
surface, tho two hills of Wandiwash and Ohitpat (Chittapott) excepted, which 
have already been named. 

Betuming to the north of the Puldr, tho gneissic rocks are overlaid by groat 
masses of quartzite and conglomerate belonging to the 
Kadapa series. Kadapa series, which form tho gi-cater part of the 
detached mountains collectively known as the Nagari mountains. The south end 
of the Vollakonda and the sacred hills of Tidpatti to the north are also formed 


of rocks belonging to the same sub-division of tho Kadapa series. 

The tremendous lines of scarp and often vortical cliffs surrounding in many 
parts the Nagari and Tripatti mountains give a peculiar and grahd cl^raoter to 
tho local landscape. 

South-eastward of the Nagari mountains lie the three hill groups before men- 
tioned (p. 187), wix., the Sattavodu, Alikur (Allooor), and 
TTppcrGondwdnaroc Naikenpalem hills, consisting of great beds of hard con- 
glomerates and sArtdstones in the Sattavedu and the eastern half of the Alikur 
hills, rUuiompseted oonglomerates^ clays and shales in the western half of 
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Lateritic rocks. 


I'revious observers. 


the Alikur hills and the STaikenpalem gz*oup. Some of these beds are fossili- 
ferous, and the fossils show them to belong to the upper division of the great 
Gondwana system, which includes all the plant-bearing beds in the peninsular 
area. The fossils agree in many easeSi specially with those found in the liajmalial 
beds of Bengal. 

South of the [N'aikenpalem hills are other outcrops of the “ plant beds ” lying 
between the Nagari river and the Kortelliar. South of these again and south 
also of the Pilar, the Upper Gondwinas t*e-appear in a considerable number of 
small patches dotted over the surface of the eastern part of the gneissic area in 
the Arcot tahiq. 

Much of the surface of the “ plant beds ’* is masked by lateritic cjpposits, which 
overlap also in many places on to the gneiss. They do 
not cover much ground in North Arcot. One of the upper- 
most places in the superposition of the rocks, but the lowest in point of elevation 
. over the sea level, is occupied by the alluvial formations, 

uvia ornaatioiis. 'vvhich are all fluviatile. Although of very limited extent, 

they 3’ot offer some points of considerable interest. 

The soils are of no special interest, but among the subaerial deposits, the enor- 
mous masses of talus which surround the mountains in the north-eastern part of 
the district are I’emai'kablo. 

But very little had been written on the geology of North Arcot before it was 
taken up systematically by the oflfioers of the Geological 
Survey Department. Dr. Buchanan and Dr. Benzu had 
given short notes on the geology of tho country along the Madras-Bangalore 
road between Arcot and the Mysore frontier, and Lieutenant (afterwards Colonel) 
Baird Smith, of the Engineers, had published a paper “ on the crystalline stmeture 
of the trap dykes in sienite of Amboor,” entering elaborately into the questions 
connected with the |ormation of such rocks. 

The geological survey of the district was taken np in 1863 and continued in 
tho years 1864 and 1866, the work being undertaken 
by Mr, O. uE. Oldham, Mr. W. King, and tlie author. 
About two-thirds of the district was surveyed, the greatest part being done by 
Mr. Oldham, who examined the south-eastern and central parts, while Mr. King 
surveyed the north-western corner. The eastern part north of the Palar, and 
the VeUore and part of the Gudiattam (Goriattum) taluqs in the south-western 
corner of the district, were surveyed by the author. 

The Chittur, Palamaner, part of the Gudiattam taluqs, and the Punganur 
zomindari, though not surveyed, were traversed in several directions by Mr. C. JB. 
Oldham and the author, and sufficient is known of them to form an idea of their 
general geological fcatui^. 

Of the information gained by tjbLO geological survey part only has been 
hitherto published. So much of the eastern part of iho 
district as lies wi^^hin the eastern half of sheet 78 of the 
Indian Atlas has h^en illustrated in a geologically colored'copy of that half , shfeoV 
printed in 1872. .The fcatui'es of the hortbemtiaost piLrt of the distiidli, in^fling 
the Tripatti and Nagari (Naggcry) liills, were shown in the smalbscale 


The Geological Survey. 


Its results hOw published- 
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nijq) f)f tLo region occiipied by the Kadnpa and Kannil rocks, piildisbt d with ’Mi\ 
King's mc'inoir on tlxo&c rocks in 1872,* and iho componeni rocks described in 
ibat memoir. 

Of the country illustrated in tbo geological edition of sheet 78 (eastern half), 
only part has been described in any of the publications of the Crcological Survey 
hitherto issued. 

The pai*t described included the south-eastern half of the Wallajah taliiq, 
tlio eastern part of the Koryot Nagar zemindari, aud the south-eastern part of the 
Cala&tri zomindari ; the description of those was given in a Memoir by the author 
published in 1873.® Brief references to the three tracts just named and to the Nagari 
region had b%^n published rather emdier by Mr. King and the author in two 
papers in the Ilecords of the Geological Survey of India, under the rospectivo 
titles, “ On the Kuddapah and Kumool Formations " (1869), and ‘‘ Notes on the 
Oeology of tho neighbourhood of Madras” (1870). Some of the geological features 
of the North Arcot country were also i*efcrrod to in a paper On tho occurrence 
of stone im])lemonts in tho formations in various parts of tho Madras and North 
Arcot districts,” published in the Madras Journal of Literature and Science for 
1866 by tlie author, witJi notes liy Mr. King. The same and some other goolo- 
gical features of the North Arcot country -were touched upon in another paper 
“ On tho distribution of stone implements in Southern India,'* read by tho author 
before tho Geological Society of London in 1868 and published in the Society's 
Journal for tho same year. 

The Memoir ** On the Geology of parts of tho Madras and North Arcot districts,” 
Ac.,* above quoted gave a rather full account of the Upper GondwAna and over- 
lying lateritic rocks in the Arcot district, as also of the alluvial valleys of tho 
Nugaii and Namavaram rivei^s. The information there given will be repeated 
in a somewhat condensed form in those pages, together with a good deal of now 
matter not yet published, owing 2>arily fo tho non-completion of the survey of tlio 
district, but mainly to the premature decease of Mr, Charles JE. Oldham, 

Tile only geological map on whicli North Arcot had been represented on an 
intelligible scale prior to tho publication of tho geological edition of sheet 78 was 
Greenough's general geological sketch map of India, published in 1864, a labonons 
but in many respects untrustworthy cominlation. The features of the North 
Arcot countiy are laid down very incorrectly in this map, tho data from which it 
was compiled being utterly insufficient for tho purpose. 

The older rooks of the district Iwing in groat measure tho source whonco tho 
materials for tho foimation of the newer ones wore derived, it will be most 
convenient to describo tho several groups recognized in their ascending order of 
soquonco. 

* Memoirs Qcolo^cal Stirv^ of India, Vot VIIL 

^ JJlemoirs Geologicol Purvey of India, X, i4. 1 : *' On the geology of ports of the Madras 
and North Arcot districts biiig north of tho P41dr river and included In siiect 78 of tho Indian 
Atlas.” 

* Memoirs Oeological iSmHey of India, Vol X, pt. 1. 
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It has already been pointed out tliat tlio rocks belonging to ibis group occupy 
by far tbe greatest part of tlio \vbolo district. The predominant varieties are 
the massive obscurely bedded ones known among geologists as granito-gneiss and 
syenite.gnoiss. The woll-boddcd fine-grained bcliistoso varieties are much less 
frequently met witb than in otlior parts of the grt»at gnoissic region, as in the 
Trichinopoly, Salem, Idadras, and Nellorc districts, hut they do appear locally? 
among the coarse granitoid varieties, and occurrences of them will ho d<»sct‘il)ed 
further on. 

As in all the gnoissic regions, the rocks show abundant signs of having boon 
much disturbed, contorted and uptilted since their original imposition, and 
finally forc(*d into series <»f great synclinal and anticlinal foldings, tho edges of 
which may in some cases be easily tmeed along great distances. 

A study of the direction of the edges or outcTops of the beds, tecbmeally 
called tlio ‘‘strike” of the bedding, shows that in ilic 
ovaentstri o. south-eastern part of the district the beds h!i\e a strike 
from so nth -south -west to norih -north-east, but as they are traced norili v\ ard they 
aio found to trend till they run north-south, which is the prevailing strike in the 
cciiti'al parts of the district. If followed into the CKtrome northern p^rt, they 
will be found to have trended to north-north- wt^st This change in tho strike is 
part of a groat curve formed by tlie metamorjihic rocks in the latitude of Madnis, 
and allecting the whole gneissic scries eastwari of tho Mysore plateau. 

In doseribing the general appearanccMif tlio central xiart of tho district, Mr. 
Oldliam in liis notes remarks very a})tly : “ Speaking generally, the whole area 
miglit be said to be one of quartzo-felspathic gneiss, commonly syoiutoid or grani- 
toid ” “ When, however, T say qnartzo-felsxiatbio, 1 do not mean to im^ily that those 
iu inorals only constitute tlie rock, but that they preponderate largely, and that 
the hornblcndo and mica which also enter into its compoHitionplaya very subordi- 
nate part, oxce^it in occasional bands.” Those renin rks ajiply equally well to tho 
general features of tho rugged flanks of the plateau edge as seim in the Sainegunta 
and Mugli Gliats and at Satghur, and to the whole western part of tho district in 
fact. They apply also fully to tho gneiss of the eastern side of the district north 
of tlio PaUr, but loss so to the rocks of tbo south-eastorn taliiqs. Here and 
around VoUore the well bedded varieties are rather more largely developed, and 
they are much less largely quartzo-folspatluc in constitution. 

Oommoncing in tho western part of the gneissic area, the eastern edge of the 
Mysore plateau consists mainly of coarse graniloid gneiss, which is well seen in the 
hills west of Ambur, at Satghur, and thence generally on the Sainegunta and 
Mugli Qh&ts leading to Palaraaner, all ai*ound that place and northward of it, 
very conspicuously in the Gam TCondas and other hills stretching away to Avub 
pilli Drug. The same description apfplies to the whole of the country between 
Vellore and Chittur, and to the very hilly tract lying between the Poiney river and 
the Madras railway^ East of the railway too the granitoid gneiss extends under 
the younger Kadapa and Gondwina rock scries. 

In the southern part of the gneissic area, forming the northern end of ihe 

0 
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J avddi mountaiBS, are great bands of granitoid gneiss, some of them remarkable 
for their coarseness of texture, which is blotchy and often markedly porphyritic, 
s. gr., the rock forming the ma^s of the Palikonda (policpndah) mountain and of 
theYdniambadi^ trigonometrical station hill, some thiree or four miles to the south- 
south-east. Similar “blotcl^” gneiss is of very common occurrence elsewhere. 
In the Palikonda hill the rock is of a homblendic variety^ and of grey color. 

A remarkably handsome variety of porphyritic homblendic granite gneiss of 
rich green and pink colors occurs at the western base of the Nagari (Waggery) 
Nose mountain, and is exposed in several cuttings along the Madras railway 
(north-west line). Masses and boulders of this variety are to be seen included 
in large numbers in the basement conglomerate of the Upper Grondwina rocks in 
the Pyanur a«la south of the Na-gari river. 

The contrast between the rich dark-green homblendic matrix and the large 
pink or salmon-colored crystals of orthoclase makes the rock a very handsome 
example of a typical porphyritic granite gneiss. 

A by no means uncommon fomi of the granite gneiss is one in which the beds 
Quasi “ brijcciatad include masses of what appears to be an older gneiss, 
sometimes micaceous, sometimes homblendic. The in- 
cluded masses present generally sub-angular forms, but others are well rounded, 
as if they had been boulders, and others again unquestionably an^Iar, so that^ 
the mass looks sometimes conglomeratic, sometimes hreccioid. In other places 
again, and often within the same beds and at no great distance, the inclusions have 
the appearance of having been altered by concretionary segregation. The in- 
cluded masses are mostly of finer grain and of more highly micaceous or hom- 
blendic character than the surrounding masses. There can be little doubt that 
in some cases the included fragments are really remains of older rocks, and the 
whole rock a true breccia or conglomerate. In other cases, hbwever, the inclusions 
are in all probability more local aggregations of the prevalent or most striking 
mineral. An example of this latter kind is to be seen in the Chikeli Drug hill, 
a little to the south-east of Kaneambadi pasU, nine miles south of Vellore. Good 
examples of tliis quasi-conglomeratic and brecciated structure may be seen to the 
west of the Nagari railway station, in the low hills close to the railway at Ra- 
nawaram near the Sholinghur station, and in the southern part of the district at ; 
an d to the south of Ohitpat (Chittapett), and at Rrumbaheum, eight miles to the 
eastrsonth-east of Arcot, and on the eastern side of the district at Gudinancarur, 
six or eight miles east of Wandiwash* 

Of the more i^histose han^ of gneiss, ;&e most noteworthy is the great 
^WstQsubandof kai- micaceous band forming the Kailasagiri peak, six miles 
south-west-by-^south of Vellore, which rises in a bold peak 
to An elevation of 2,677„feet shove sea level. This gneiss is compact and massive 
in and has been uptiited to a ve^ high a^le, the true dip bf the beds 

varying from to 86®. The strifes of the bpds corresponds with the direction 
of the' highest 'pairt'of the 'Wnd north 5® east. ’ / 

micaceous gneiss of Chikeli; (already 

, town and milwsy 'Station 'tftbe flaaie luune on ^ 
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referred to) extends northirord into the VeUore hills, and forms a considerable 

part of the main ridge of the hill gi»ap- . iv 

Beds of magnetic iron occur here and there in the south- west comer of the 
district, e. g., to the south of Gndydtam (Goriattum), 
Magnetite bed*. gotxth of the great tank, and again two and a 

half miles west of VeUore railway station. These beds are small, but interesting, 
as there Can be no doubt that they are representatives of some of the n^erous beds 
occurring south of the Javidi hiUs in Salem district. Others of these richly 
ferruginous beds are in aU prObabUity represented by various quartzose gneiss 
beds, very strongly iron-stained, which occur in this quarter. The quartz of these 
beds is stained of purpUsh or reddish color, and frequently shows a brown ferrn^- 
nouB incrustation in the cavities between the laminse, as also numerous little 
cavities in the lamination which appear once to have been filled by some minera 
or other now wanting. These beds have a striking resemblance to the poorly 
ferruginous parts of many of the typical magnetic ii-on beds of tlm Salem regiom 
Good exampL of these iron-stained beds are to be seen in the Vellore hJls and 
in the large detached hiU three miles south of VeUore. 

ProbaL representatives of the magnetic iron beds are also the numerous 
auartzo-ferruffinous beds noted by Mr. C. Oldham in 
errugmous Amot and Wandiwasb talnqs. His notes nnfortn- 

natelv do not mention the form in which the iron ocenrs. The geographical 
Suation points, however, strongly to these being continuation of the numerous 
magnetic iron beds occurring to the east and north of the Kalwye^ 
riouth Arcot, beds wMob tbemselvcs are unquestionably nortb-easteriy exter^- 
1ns of some of the gmat magnetite beds of Salem distrirt. As^emted with 

these quartzo.fermginoUs beds in the sontb-eastem part of the distnct are also 
bpda of hornblendic ferruginous gneiss. 

These occur chiefly in the tract of country between Arcot and Wandiwash. 

To the eastward of this hornblendic band lies a broad 
ferrugm- granitoid quartzo-felspathic gneiss which 

extends to the boundary of the Chinglepnt (Madras) district; the great Wandi- 
"^“L^Lmo^^itoi^^onnorth^of^^^ P4Ur n^hlendic forms axe much 

Three were noted by Oldh^ 
all of SinaU importance. They occur at Damavapak 
Tifleese l»a». (Hamarpauk), porth of Ami, a Uttle to the west of the 

X * .^i «.+ a nlace bn the left banh of the Poiney riyer, eight miles north- 
roi^ to ® a Uttletotl^ Bonth-eastof Mnrt^iUi 

north-wert of ^ P. locality^ An ettfejnely quaxt*ow, band 

north-v^ast of SbbUhgiiM and north ^ Ban^di 

.(Runda^)y , ,, „ ■■■ . ' . ' ' ' ■' 
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In a district where so large an area is occupied by- intensely granitoid gnelfes, its 
characteristic features are of course to be seen to great advantage in many 
places, particularly along the two lines of railway diverging fwm Arobiium junction. 
Especially characteristic are the hills of Maddur Drug and Trittan on the 
north-west line, and those of Sholinghur, l^elaconfriapetta, and Gudydtam 
(Goriattum) on the south-west line ; all of these show great bar© mstsses of rock 
with tors, and here and there great precipitous clifps. 

Of the tors the two most remarkable groups are both near Nagari ; the one, 
between the railway and the foot of the Kagari mountain 
, close to the nc^hem end of the pass traversed by the old 
high road to Sladapa ; the other, at Keddiem (Neddum) on the north hank of 
the Hagori river, four miles above the railway bridge. Both groups are of great 
size and height and form conspicuous objects from considerable distances. 

A very common accessory mineral occurring in the granite, gneiss is epidote, 
in its pale apple-green variety known as pistacite ; it occurs scattered through the 
general mass of the rocks, or iti minute veins, and very commonly as a thin coat- 
ing to planes of jointing. 


Rocks inthudei) into the Gnkissic Sbbibs. 

The crystalline rocks intruded into the gneissic series arc referable to four 
groups — granite veins, felspathic porphyries^ quartz veins, and trap dykes. Of the 
four groups, the last is by far the most important, and the first the least so, granite 
veins being very rare and of small size ; the trap dykes, on the contrary, extremely 
numerous, and many of them of large size, and forming important features in the 
landscape in very many parts of the -country. 

The granite veins seen in Korth Arcot are, with one exception, of quite small 

O an' vei 8 appear to consist of a binary rock, in which 

ram veins. quartz and felspar are recognisable. Some of them 

contain a few scattered crystals of epidote- as an accessory mineral. 

ISTumerous veins of very small size of dark salmon-red color, and highly 
felspathic in character,, occur in the gneiss to tb© south of the railway station at 
Vellore, and a larger but still small vein of the same kind occurs at Vajur 
(Vanjoor), twp miles south-west of the railway station. 

The most important granitic protimsion npted is a vein occurring at Tarur 
(Turroor), ' eight miles east of the great Kaveripak (doyrepauk) tank, and about 
ten miles south-west of the Arkonum railway junction It forms a bare, and 
generally smooth ridge one and a quai^r mile long, about 40 feet high at its summit. 
It is a binary quartzo-felspathio granite of . coarse grain and of minute, 
cmks. \ * , , . - V'” ' ’ 'v ; 1 ■ ' 

The handsome ^een and pi^k syenitoid rock occumng at, the .western 
base oif the |fagari mouiitaiii has bepn referred' tp ;b^dre (p. : 1^2) When treats 
ing of the ghkssic rocks,' bWt. the ;r eryst^he .that it might 

easily ' the^ it 

, ohschre., 
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1'fjc felspatlijc porphyries occnmng ni NoHU Arooi disfcrii't are v<My interesting, 
as being tho only evamples of this HpcoieH of rook known 
e flpa 1 C potp jnec. south of the pc*iiinHu]a. Several v<»ry fine veius of 

this porphyry occur south of the Palikonda nioiintain (p. 192), and two of them 
may bo traced for several miles in an oast-to-west din'ction. Jn width tiny vary 
from 20 to 60 feet, and vary in color fi*om smoky grey to pale drab, when freshly 
broken. Numerous prisms of flesh-colored or white felspar from ^th to J an 
inch long are included iu tho felspothic matrix. Small acicular crystals of 
dark green homblondo are loss frequently iiieludod. The felsi)ar orj^stals often 
stand out in great perfection on tlio weathered surfaces, and in some parts of tlie 
veins the included crystals form nearly half tho mass. A little distance south 
of tho western end of these two veins is a third in which the included small dark 
green acicular hornblende crystals are numerous, but the folsjmr crystjils of rare 
occurrence in the greyish-white felspathic matrix. The felspar crystals arc white 
and show very faintly. 

On the east flank of the Palikonda mountain is a drab or pale buff-coloivd 
vein which appears to cross the mountain, for a precisely similar rock shows on the 
wxst flunk. In this case the included er 3 sta!s consist of felR])ar and (piart/. 
Two other small veins of the same character ap}»ear on the west flank close to 
tho north-west coi*nor of the mountain, and a third of smok}’' grej" color, with 
reddish felspar cr^'sta^s, runs nearly/ east-to-west for two or three hundred jards 
paralhd with the high road to liangalure on the north side of tlio mountain. 

Another small vein of the folsjiathic jiorplyry occurs in the ceiitio of tho 
valley west of Kailasagiri peak (south-south-west of Vellore) ; it is of the same 
character as those just described. 

Tn point of ago these porphyry veins seem to be newer tluin tlje tanp d 3 kes 
they cut in their course. Unfortunately this point could not bo definitively 
settled owing to the presence of soil and debris at the points of intersection. 

Quartz veins arc not very common. A few were noted by Mr, Oldham in the 
Wondiwash and Arcot taluqs ; they are of good size (two 
Quartz vciub, ^ three miles in lengtli), but offer no special featurt^s of 

interest; their oourso is either north-eaat-by-east to bouth-west-by-west, or north- 
west-by-north, souih-east-by-south. 

The trappean rocks seen in North Arcot district all occur in Uie shape of 
dykes, often of great size and length, and forming im- 
portant features in the landscapo. They oc'cur commonly 
in all parts of the district, and in tho central part occiu* frequently in very largo 
numbers. 

Tho great majorit}" of the dykes consist of coarse hornblondic trap, a form 
of greenstone, and there is in very many cases a dii-ect proportion between the size 
of the dyke and the coarseness of the rock composing it. Many of tho dykes 
are markedly porphyritfe in structure, including numerous crystals of felspar in 
a hornblondic or homblendo-felspathic matrix. K classified according to the 
directions of their courses, tho dykes will bo found referable to two groat systems, 
of which the one runs north to south, roughly speaking, and the other east-by- 
north to wost-by-south. In the former, the course is less constant, and varies by 
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5® or so east, or west of nortli. A rdatively small number of dykee doelt not 
come under either of these two systems, but they o€er no specie! difEerences in 
mineral character, or otherwise to require any detailed notice. There is no 
marked difference between the trap rock forming the members of the two systems, 
and they appear to belong to the same geological age. Both agree in being 
older than the Kadapa system of rocks which ^ey nowhere intrude into. The 
relations of the dykes at their crossings, are obscure in aJl cases in this district, 
but the intersections of other dykes of precisely similar rook and r^inning in 
corresponding directions in more northerly parts of the gneiss area, e. gf., in 
Bellary district and the Raichur doab, appear to show that the filling up of both 
sets of fissures by the imiptive material was simultaneous, no difference or change 
of any kind being observable. Very large and important dykes, such as the 
great dyke at Sholinghur and some in the Maddur (Muddoor) and Tiritiani hills, 
rise to heights of several hundred feet above the surface, and form bold and 
striking ridges and crests. 

Some of tbe dykes, such as the Sholinghur dyke and the Permalrajapet 
dyke, some eight miles to the east, are distinctly and strongly magnetic and affect 
the compass needle greatly. This phenomenon was also noticed in the dyke 
lying to the west-by-south of the village of Poiney, but not elsewhere. 

Excepting a little pale iron pyrites (marcasite) no accessory minerals have 
been noticed in any of the dykes. The pyrites were seen in some of the dykes 
traversing the hill east of Vellore town. 

Well characterized examples of porphyritic greenstones are to be seen to the 
south-east of Eanipet cantonment, and in the railway-cuttiug south of Pudi 
station on the north-west line of the Madras railway. As a rule, with few or no 
exceptions, the greenstone weathers more slowly than the surrounding gneissic 
rock, and consequently the dykes form ridges running over hill and dale, and 
from their dark color contrasting strongly against the gneiss. 

The courses of many of the dykes may be followed for twenty or thirty miles 
or even more, and the larger ones have a width of from 50 to 100 paces. The 
network formed by these multitudinoim d^’-kes is one of the most remarkable dis- 
plays of trappean injection known in any country. 


Thg Exdapa SEKims. 

The representativeB of the Kadapa series are confined to the north-eastern 
comer of the district, where they form, as already pointed out, the main mass of 
the Kagari group of mountains, the Tripatti hills, and the extreme south end of 
the Vellakonda range. ^The remarkable and highly picturesque scenery of this 
region IB . due to the great mural scarps into which the massiye quartzite beds have 
b^wom., ' , 'v :■ 

The meuntains form several oullierB delniched from the main area of 

. . ; ihe rocks, of which the Tripatti hRls and the end 

the VeUa form the sontheiqmiost extremities 

The^principed are fpun in number, theWagari Nose mountain forming the 

moat southerhly ' ofi the ni^ j^ori^h of tins is the Kartmv^ long 
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narrow ridge lying northeast of the village of Namavaram, and not to be con- 
founded with i\e NiEir]aay;arani peak, which forms "the southern end of a large 
outlier which Incliudes the Saddashemallai or Sathuskonda, the highest meniber 
of the Nagari group, and the mountains south of Kalabastri (Calaetsy). The 
fourth large outlier includes the Rinsagiri and the Kamhakam (Cumbaucuih) 
Drug mountains. 

Many of the quartzite bods which rest on the gneiss in marked unconformity 

are coarsely conglomeratic, including pehhles of gneiss, 
Petrologicid chWftcters. ^ / F ,, * . rri. -i. 

quartz, and occasionally of ribbon jasper. The quartzites 

are generally very massive, and semi- vitreous in texture, and occur in thick beds 

which often show but little lamination. The surface of some of the beds is often 

covered thickly, with small annular markings, as if they had been stamped all over 

with an ordinary wad-cutter. No satisfactory explanation of the cause of these 

markings had yet been offered. In some beds the rippling caused by current 

action has been beautifully preserved. 

The prevalent colors of the quartzites are pale greys and drabs, all weathering 
to shades of buff or pale orange. The principal lines of scarp face the south, e. 
those of the Nagaii Nose, the Narnavaram peak, the Saddashemallai, and the 
Tripaiti mountains, but very fine east and west scarps are seen on the Rdnsagiri. 
The three scarps first mentioned ore in many parts quite vertical, and form per- 
fectly bare walls of rock from a few hundred to over a thousand feet in height. 
The smaller outliers show some of the lowest beds, but are of no special interest. 

The whole of the beds exposed in the North Arcot district belong to the 
second lowest of the divisions recognized in the Kadapa series by Mr. King' and 
called by him the Nagari series, a yet lower series underlying the Nagari beds 
having been recognized by him further north near the Papagni river in Kadapa 
district. 

The most southerly recognized outcrop of the Kadapa beds is the Nagari Nose 
mountain, but it is not improbable that some large detached masses of quartzite 
occurring at the base of the Gondwana rocks at Naikenjialem, eight miles further 
south-east, ought to be regarded as relics of the basement bed of the Nagari 
group. These masses of quartzite will be referred to again further on. 

Tub Upper Gondwana Series, Rajmahal Group. 

The great series df rocks known under the name of the Upper Gondwina, 
which occupy a very important position in the northern half of the peninsular 
area, are represented in the Madras region by considerable formations of great 
interest, becatise they contain fossil plants, some of which are identical with those 
occurring in the Upper Gondwana formations of the Rajmahal hills in Bengal. 

Their lepresentatives in North Arcot occur in two positions, one noi*th, 
the other south of the Filhr, In the first wo may conveniently distinguish 
three localities, the Sattaveduj the Alikur (Alcoor), and the Pyanur areas ; in 
the second there are some twenty-^five ^all patches scattered widely pyer the 
surface of gneissio irea iu the Arcot taluq, a few miles south*^ west of Con-/ 

^ Seo Memoirs Geologiosl Borvey of In4ia> YoL yin, 
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^ jeveracft. Tlie most Impoi-taiit and the greater number of these patches lie 
around the great Matndur (Maumdoor) irrigation henee the group may 

be conveniently, called the Mamdur ^oup. thiree imall outlying patches occur 
twenty' miles further to the south-west in the Ami zemindan^ " This group of 
small patches are evidently the renihants of a once extensive spread of llie tipper 
Qondwdna rocks, which, in all probability, was Continnotis with the beds of the 
same age to the north and north-east, and very likely also extended for enough 
southward to join the Utatur (Ootatoor) ** plant beds ” in Trichinopoly district. 

Great denudation, especially in the area south of the Palir, boginniftg probably 
in precrotaceous times, separated the Gondwana i^ocks into, the many detached 
outliers now enumerated, while their surface is largely obscured by the overlying 
younger lateritic and alluvial formations. 

As before mentioned, the Upper Gondwana beds of the Madras region liave 
. been divided into two groups, called after the localities in 

?^ision m 0 two grouiis, developed, the Sattavedu Sri^ermafur 

groups ; the division is chiefly based on petrological differences, the actual strati- 
grax^hical relations being very obscure and somewhat doubtful owing to the in- 
sufficiency of existing sections. 

The Sattavedn group, which consists mainly of coarse, well consolidated con- 

Tho Sattavedu rou glomerates and sandstones of great thickness, forms the 
10 a ave u group. Sattavedu and the northern and eastern parts of 

the Alikur hills, while bods of nncompacted conglomerate with int^calated clays 
and shales appear to underlie the hard Sattavedu beds in the western and southern 
paries of the Alikur hills. Unfortunately no section exists (or existed) showing 
the two sets of beds in actual contact, henco their stratigraphical relations are 
still doubtful. 

The soft beds have been referred provisionally to the *Sripermatur group on 
. petrological grounds, the resemblance of the softer rocks 

e iip<?ma ur group, m^ich stronger to the rocks found in the Sripei^atur 

outcrop in Chinglcpnl district, than to the coarse and compact conglomerates and 
sandstones of the Sattavedu 5 i»d eastern Alikur hills. 

The whole of this outcrop is made up of alternate bands of hard conglomerates 
and sandstones, many hundred feet in thickness, 

The Stttavedu area. more or less red color. The conglomerates are 

made up of large well rounded smooth <|UBrtzite pebbles, with a small of 

similar jpebbles, of granite gneiss, ,i^e whole strongly nempnted .by a matrix of 
yariaMe character,; sometimes argillo-ferruginous, ferrugmo^arenaioeous, or more- 
rarely siKceo-calc^roous, The sandstones are mostly rather gritty in, texture, and 
contain hero and there a few plant remains, among which Mr-* King found a frond 
of J}if^yozgm*UB$ one of the most choracterisi^o KajmalLal plants. The beds 

, ihat'O-.a g^rrily^ i dip at,, moderate angle$< The area of the. outcrojp is 

hOarli?' <%extep(sive with, tiiat the JuU group, an 4 m^ures about sixteen miles. 
Tho area is separated fedm the foregoing only by the narrow alluvial 

. tbplKarnavaram river, unte which the beds are 

^ _v^nWei^!oonti»noim%..^ eastern Alikur hill 

apparently continnattos of 
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the beds forming the eoulh-westem part of the Sattavedu hills. Like these they 
have a more or less easterly dip, and disappear under the latcritic beds, vrhich lap 
round the eastern foot of the hills, and which, together with the great talus 
which has accumulated on the base of the slopes, completely obscure all the rela- 
tions between the lower and upper rocks. No fossils were found in the Alikur 
hills. The hard beds qpeupy only about a third of the area of the Alikur out- 
crop, the remainder being formed of the soft beds assumed to belong to the Sri- 
permatur group, and which, as already mentioned, appear to underlie the hard 
beds conformably. No section was found showing these two dissimilar series in 
contact where they approach each other in the centre of the Alikur hill group, 
but as far as the rounded outlines of the hills at that point servo to guide the eye, 
there is an undoubted dip of the softer beds under the hard conglomerate. No 
sign of any fault could be traced, but from the peculiar nature of the case, a fault 
of great importance might well exist, and yet be completely hidden by the vast 
quantity of debris and talus which everywhere almost cumber the surface even of 
steep slopes. The nearest visible approach of the two series is a short narrow 
east and west ridge abutting at right angles against the hard basement conglo- 
merate of the Sattavedu series, which here forms a conspicuous north and south 
ridge parallel with several of similar character further east, each representing a 
great conglomerate bed. The valleys running down north and south from the 
cross ridge are the two principal ones in the central mass of the hills, and their 
depth, which is considerable, is due to the greater softness of the underlying 
beds as compared with the overlying set. 

The soft beds so frequently named consist of conglomerates, gritty clays, and 
shales of white or grey colors. Even the coarsest conglomerates at the very base 
of the series are uncompacted and soft, tlic enclosed pebbles and boulders of 
gneiss and quartzite merely lying embedded in veiy friable more or less clayey 
grit consisting of quartzose debris of gneissic origin. The slopes of the hills 
composed of such soft beds are deeply covered by debris, while but few of the 
rain gullies descending from higher slopes penetrate sufficiently to expose the 
rocks m situ. The Naikenpalem hills, which occupy the southern part of the 
Alikur area, consist, as far as seen, entirely of the soft beds which have trended 
round :from a north and south strike in the Alikur hills to one running west- 
north-west to east-south-east. 

Numerous plant remains were obtained from a clay bed exposed in one of the 
principal rain gully sections east of Naikenpalem village. Amongst the remains 
wore parts of TceniopteriSf DvetyozamUeSf Ptilophyllmrip dic., all characteristic 
Bajmahal plants. Unfortunately the specimens, which are beautifully distinct 
when freshly extracted, are utterly ruined by the shrinkage of the wet day as it 
dries. 

Near the village of Naikenpalem the basement bed includes enormous masses 
Included masses of conglomeratic quartzite, some of them from 800 to 
quartzite , 1,000 cubic feet in bulk ; these are very probably relics of 

the basement bed of the Kadapa series, which is so generally represented a few 
miles to the north-west and north ih the great scarps of the Nagari mountain and 
the Bamagiri. These great quartzite masses are not seen resting actually on the 

. 0 ^ 
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gneiss surface, but it can only be a few feet below the local surface of the slope ; 
it is only reasonable, therefore, to looh upon them as ruins of the once existing 
conglomerate bed forming locally the base of the Kadapa rocks, which was nearly 
all removed by denudation. In view of the enormous amount of denudation the 
shapes of the Nagari mountains show them to have undergone, there can be no 
difficulty in accepting this solution of the problem. If th§ blocks be not, however, 
really m sitUy their existence in their present position is even more remai*kable, as 
no known agency, but that of floating ice, can explain their presence. The appeal 
to glacial agency in such a southerly latitude would not be justified except on the 
very strongest evidence. 

The character of the rocks in the Pyannr area changes slightly, the included 

^ p boulders and pebbles in the conglomerates are more fre- 

e yanur a ea. qiiontly of gneissic origin and less exclusively of quartzite. 
They are embedded in equally soft and nncompacted beds. Possils are very 
rai’e ; none were found except in a friable sandstone exposed in the left bank of 
the N&gari river opposite Chittapuram, a little below the junction of the Trit- 
tani river. Fragments of Twmojjteris and DlebyosaifiTites were here obtained. 

The basement conglomerate in many parts of the Pyannr area was deposited 
around and includes largo water-worn masses of gneiss forming boulder beds 
similar to those occurring in the base of the plant beds at Utatur and elsewhere 
in Trichinopoly district, and similarly at various places in the Ongole group of 
outcrops in ITellore district. 

The hard white and mottled shales so typical of the Sripermatur group in its 
proper basin do not occur in any of the outcrops in the Arcot district, but some 
of the clays exposed in the south-eastern corner of the Aliknr area show signs of 
passing into a shaly condition, and appear to do so further to the north-east in 
the valley of the Alikur nullah. 

OutcTO^)s south of the Pdldi\ — The petrological features of the southern or 
Maiudur group of outcrops, as well as their geographical 
^ proximity, justify their being assigned to the briper- 

matur division of the Rajmahal beds. As they were visited only by the late 
Mr. 0. j®3. Oldham, it will be better to quote the description, as far as possible, in 
his own words as given in his notes. 

The three most westerly outcrops, which have already been mentioned as lying 
about twenty miles south-west from the Mdmdur group, 
eo iur out ler. situated close .to the village of Thechur, Seven miles 

south of Ami. Here to the south-west of the village occurs a “ greenish-yellow 
shaly sandstone,” which “is also dug out from wells in the village.” “East of 
the village I noticed another minute patch.” 

Of the patches forming the Mamdur group, Mr, Oldham remarks in his notes : 

“ At Con teahtandalam, the most easterly of these localities', 

Conteantanda am. several wells and bowries^ ih and near the village, ex^se 
about 12 feet of those beds, which are bhiefly a soft yellow sandstone thick-, 
bedded, but in the lower portion some harder compact beds occur ; and a coarse 
conglomerate conWning numerous pieces arid pebbles of quartz a-nd gneiss in a 
hard silicious msitrixjbas been quarried to some extent from under the soft beds. 
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After mentioning a Arrow and thin slip of hard ferruginous sandstone close 

Doshi ontcpo ^ which the ConjeTeram-Wandiwash road 

crosses the Pal^ir, Mr. Oldham describes tlio inteVesting 
outcrop at Doshi (a mile and a half to the south) thus: — “This locality and its 
immediate neighbourhood, though not affording even a single tolerable section, 
yielded to me the great majority of the fossil specimens, all plants, which I suc- 
ceeded in j)rocuring from this series of beds.” “In a small tank west of the 
village I noticed a little yellow sandstone in flat beds just appearing above tlie 
surface of tlie water when low, and from the bund of this tank, which is largely 
composed of the pieces of this and other beds ilirown up when it was dug, I suc- 
ceeded in obtaining numerous plant remains.” “ I could not discover a trace of 
molluspa or other animal remains, but in some of the bods of sandstone the plant 
remaihf are very abundant.” 

“ Until they have been more carefully examined and comi)arod, I cannot attempt 
to do more than indicate their general character, which is 
very similar to that of the Rajmahal flora, presenting 
Paloeozamia (JPtihphyll'mi)^^mniopterl$? Btarigerites {Angiopierldium^, PecoptcriSy 
and Sphenopteris'* “ I obtained also specimens of circiunate vernation of ferns. 
These remains occur in great abundance, principally in thin-bedded yellow sand- 
stones, but some of them also in a coarser thick-bedded sandstone.” “ This strip 
of sandstone has its limits narrowdy defined by the api)earance of gneiss m situ 
closely on the east, north, and south, and at no groat distance on the west also.” 

♦ “About four miles west of Doshi is the best section seen of these beds. 

This is exposed in the old supply channel yhich runs from 
the river Pjllar near Umiaveram to the largo Mdmdur 
tank, in the banks of which and the small watercourse .adjoining a faii‘ section is 
exhibited, showing a greater thickness of beds than I was able to discover in any 
other locality.” “ Proceeding southward along the channel we get tho following 
section. The first (lowest ?) bed seen is a coarse white felspathic sandstone with 
small pebbles of quart25, from 3 to 4 feet in thickness, rather soft and scarcely 
consolidated, at least superficially. I could here detect no oi’ganic remains what- 
ever. Over these lie about 3 feet of a finer yellowish sandstone with minute 
shaly partings of a greyish-white color.” Above this are 5 feet of a hard 
ferruginous sandstone, the uppermost bed of which has a curiously tesse- 
lated appearance due to concretionary structure, assuming generally a pentia- 
gonal arrangement. All these beds have a low dipjof 2® or 3® to the south and 
south-south- west. “ Passing onward the section in the channel is broken and 
obscured by soil, &c,, but the missing portion seems to be, at least in part, 
supplied by . the smaller gullies, watercourses, &c., on either side, which show 
a few feet in thickness of yellow and white sandstone apparently overlying tho 
ferruginous bands and dipping south-by-west at an increasing angle. Pro- 
ceeding still southward along the channel, we come upon a hard brown ferrugin- 
ous sandstone dipping south-south-west at 32®. Of this only 2 feet appear, and 
over this from 20 to 25 feet of a soft rather coarse yeUow sandstone with 
a few harder ferrnginoiu partings, all dipping south-south-west at from 30® ^\85*» 
Over this with a dip in the same direction, but at gradually decreasing 


Mamdur section. 
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aro rather coarse climohy yellow sands, thick-bedded aMd only moderately con- 
solidated. Of these about 26 feet appear overlaid by about 10 of thinner-bedded 
yellow sandstones of much finer grain with thin greyish shaly partings. 
These are apparently the highest beds^ shown in this section, as on proceeding 
along tho channel wo find them turning up with a considerable dip of 26® to 30® 
to north and north-by-west.” From under these again appears the coarser 
thick-bedded yellow sandstone which continues to show along tho channel for a 
distance of about 200 yards, with here and there some of the thinner beds ap- 
pearing in tho banks above. Still following the channel, as it turns south-east 
and east-south-eastwards, these coarser beds continue to appear, having a rolling 
dip to the north-north-west.” From under these rises with westerly dip a strong 
brown ferruginous sandstone which only shows for a short distance, and is the 
last and lowest bed seen in this direction, disappearing at a point due north of 
Namdi (Naumdee), a quartzo-homblondic gneiss appearing a very short dis- 
tance to the east. A yellow sandstone very similar to the upper beds of the 
section just given appears in bowries and in a little watercourse north-west of 
Namdi. 

The small outcrop west of TallicalH and north of the channel section just 
described shows coarse pebbly ferruginous sandstone. The outlier west-by-north 
of Tripnagad and that south of Umiaveram show coarse, white felspathic sand- 
stone, associated, in the latter case, with a little thin-bedded ferruginous 
sandstone of brown color. At Cutanur, two miles to the west of the last- 
named outlier, a" greenish-yellow somewhat shaly sandstone underlaid by a« 
coarser yellow felspathic sandstone is exposed in well and tank sections. A 
coarse ferruginous sandstone forming a small patch at the north end of the 
Manapakam tank, four miles south-west of CJutanur, is the most westerly 
extension of the Gondwana rocks in this quarter. 

Three miles further south-east and east of the village of Asuapetta, and 
again a mile to the south of the village, we find patches of hard conglomeratic 
sandstone containing large pebbles of quartz. This is superficially ferruginous 
and of a reddish-brown color, but when freshly broken of a dull grey. It lies 


in thin beds on the sur&oe of the gneiss.” 

Proceeding south ** along the road between Asuapetta and Trivatur, we 
cross four distinct patches of sandstone, in the most northerly of which a tolerably 
good section is exposed in a aupply chanrtel running in 
aderi section. ^ taxik. at Jaden (Batha^”). Bfere resting on tbe sur- 

face of the gneiss is a hard veiy silicious close-grained sandstone, but frequently 
containing large pebbles of quartz. Of this there is a thickness of several feet, 
showing only at intervals and not well seen. Above this, passing east along the 
channel, we find a coarse felspathic sandstone of no gimt thickness (2 to 3 feet), 


' •• From those highest beds I inured the only specimens of organic remains that I was 
able to secure frpm this locality. Owing to the soft, cmmhling nature of tbe rock, much increased 
by heavy rains which had f^lcn recently, it was almost impossible to obtain specimens that would 
bear cartliige.. Seteral which I extracted came to pieces in my hands. Those wliich I succeeded 
M caring away Were "^J^ladsamia f and f 1 noted also Tiemiop- 
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with locally a grey >4iale, in which some fragmentary atem mai^kings were 
noticed. All these have a low dip of 2® to 3® east.” Above all is a ferruginous 
sandstone, 1 to feet thick and of rather coarse texture. 

The other tiiree patches which are seen crossing the road consist of a hard 
Small outcrops north superficially generally ferruginous sandstone, similar in 
of IVivatur. character to the lowest bed of the above section. A patch 

of similar beds covered by a little yellow sandstone occurs east of the road about 
two and half miles north of Trivatur. Between three and four miles north-east of 
Trivatur and east of Perintur occurs a little hard grey sandstone, about 10 feet 
thick and weathering of a reddish-brown. 

Three miles to the north close to Marianur, a largo amount of debris of a red- 
dish ferruginous sandstone covers the ground, and close to the village on the 
south this is seen in situ overlying a coarse brown felspathic sandstone, of which 
but little is seen, though it has been thrown up in considerable quantity from well 
and tank sections. In the village a tolerably hard yellowish-brown sandstone is dug 
out of bowries (large square wells) and has been used to a small extent for building. 
A similar brownish-yellow sandstone is also dug out at Shamanguri, two and half 
miles to the north-west. 

A few more small patches might be referred to, but they offer no special 
characters of interest. 

The numerous patches just referred to are, without exception, of small size, 
the largest not being more than two miles long by one in width at its widest 
part, and the great majority greatly less in dimensions. 

The Lateritic Formations. 

Of the numerous spreads of the lateritic rocks which fringe the eastern coast 
of the peninsula between Latitude 13® 50' and 11® 20' north, only a few extend 
inland sufficiently far westward to come within the limits of the Worth Arcot 
district. There is, however, abundant evidence that these rocks had formerly a 
much wider westerly extension, and that their present western limits are bound- 
aries of denudation and not of deposition. The chief outcrops of them foccur 
along or close to the eastern boundary of the district, and are in most cases 
seen to rest upon the Upper Q-ondwdna beds, to which, however, they are markedly 
unconformable,.and in many cases they overlap on to the gneiss. All the out- 
crops of importance lie to the north of the Palar, 

The most southerly patch of lateritic beds requiring notice lies between the 
north bank of the PdUr and the alluvium of the Kortelliar, about twelve miles 
east of Arcot town. It is in reality only the extreme western end of a veiy large 
lateritic area which occupies further eastward nearly the whole of the Conjeveram 
taluq. The prevalent rock here seen is of a red sandy variety vnth scattered 
patches of ferruginous gravel. 

To the north of the EortelHar the laterite occurs in the form of an enormously 
coarse shingle or generally uncompaeted conglomerate, such 
Shingle conglomerate. ^ ^ south of the phinnamapett rail- 

way station. Further north the surface of the Pyanur are^ of Bajmahal ]beda , is . 
widely covered with an equally coarse shingle associated with large quantities 
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of feriraginous gravel and clay binding the whole into semi-compact conglo- 
merate, which is tho general character of the lateritic beds further north round 
the base of the Waikenpalem, Alikur, and Sattavedu hills, the coarseness of tho 
included shingle and the amount of ferruginous cement associated with it being 
locally of variable quantities. Where the shingle, which consists almost entirely of 
quartzite, attains a great degree of coarseness the ferruginous matrix is often masked 
to a very great extent, ihe peculiar vermicular cavities so characteristic of non- 
conglomeratic laterite are never seen, and the correlation of the two vaneties as 
members of one and the same geological formation is made entirely upon strati- 
graphical grounds. ^ 

The principal lateritic areas lying westward of the eastern boundary of the 
district are those along the w’estern base of the Ramagiri and tho eastern base 
of the Kagari mountains, and some spreads in tho valley of the Swarnamukhi 
river near the Madras railway at Karkambadi. In the two first of these areas 
the rock is much less coarsely conglomeratic than around the Alikur and Satta- 
vedu hills and over the Pyanur area. 

The surface of the Pj^anur latcirite patch is very thickly strewn with the ex- 
tremely coarse quartzite shingle weathered out of tho underlying conglomerate, 
and in many ])laces progress even on foot is by no means easy across the great 
smooth and highly slippery stones. The surface is so extremely stony that great 
tracts remain waste. That a very flat country should be so inaccessible owing to 
the thickly strewn products of partial weathering of the rocks forming the surface 
is a very singular plienomenon. 

Remains of lateritic beds are very numerous to the w'ostwai'd of the present 
westerly boundaries of tho formation. Many such re- 
Debris of lateritic beds, were noted as much as six or eight miles away from 

the nearest of the undisturbed beds, and a closer search of tho country would 
probably show such ruins even far further in that direction. The greater west- 
ward extension of the lateritic rocks, before adverted to, is thus abundantly 
proved. 

Proofs that the lateritic formations were, in part at least, formed since man’s 
Occurrence of stone advent on earth are numerously met with in the North 
implements. Arcot laterite patches in the form of well-shaped chipped 

implements of paleolithic types made of quartzite. Many of these were dis- 
covered, by the geological surveyors in nearly all the lateritic patches, and in 
many cases also among the dobxns marking the sites of tho now denuded parts 
of the old extensions., e. g,, among the gravelly ferruginous debris lying in the 
surface of the gneiss at and around the Arkonam railway junction at an eleva- 
tion of more than 300 feet above sea level. 

The highest elevations to which the implement-bearing lateritic rocks have 
Elevation of lateritic been traced in this region are the neighbourhood of the 
beds. Madr^ railway at Karkambadi, in the Swarnamukhi 

valley, and the westernmost slopes of the Naikenpalem hills ; in' the former case, 
the implements occur at an elevation of 370 feet above sea level, in the latter, 
at a probable elevht^ of between SOO and 690 feet. The Karkambadi beds 
3delded a great nuniber of fine implements to the search of Mr. W. R. Robin- 
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son, c. E., Chief Engineer of the Madras Railway, when Resident Engineer at 
that place. 

There can be little doubt that the great accumulations of w^oll rolled quart- 

Age of certain ehingle shingle which rest on the southern bank of the 

Nagari Nose mountain and on the flanks of some of the 
mountains further north must, in part at least, be reckoned as of the age of the 
lateritic period, as they correspond closely in position and mineral character with 
the higher-lying lateritic beds just mentioned. Tlio Nagari Nose shingle bed 
is deeply stained with iron from the ferruginous matrix which must have once 
surrounded the perfectly non-fcrruginous quartzite shingle, for that is the only 
way of accounting for the deep and indelible purple-red color borne by the 
natural palc^colorod quartzite. As now seen, the shingle suggests instantly 
the idea of its being an old raised beach. 

The origin of the lateritic formations, owing to the total absence of all 
organic remains (the chipped implements being only indirectly of organic 
origin), is wrapped in obscurity and doubt. Three theories have been pro- 
pounded to explain the existence of these formations whicli fringe ilio western 
and eastern sides of the peninsula from a little south of Bombay right round to 
Cuttack and still further north. The three tlieories have been discussed at 
some length, each having something in its favor, but they aro still sah jndice, 
and tliis is not the place for continuing the discussion.* 

They may be briefly designated as the marine, the fluviatilo, and the sub- 
aeriirt. As at present seen, none is altogcilior sufiicient to explain the various 
difficulties, and it is very possible tliat all three must be enlisted before more 
light can bo thrown on the suf^cct. 

The Alluvial Formations. 

The alluvia occurring within the North Arcot district are all of fluviatile 
origin, and occupy the valleys of the principal rivers, but are developed only to a 
very moderate extent, and would offer no points of special interest were it not 
that in two cases there is evidence of the rivers having changed their courses 
widely and formed a second series of deposits in other valleys. 

The first of these cases is that of the Palar, the principal river of the district, 
Change of course of which now flows into the sea forty-two miles south of Madras, 
the PakLr. but which formerly flowed down what is now reckoned 

the alluvial valley of the Kortelliar river and entered the sea somewhere to the 
north of Madras, probably between Gunore and Pulicat. A glance at the 
geological map will show that the present valley of tho Palar is very dispropor- 
tionate in size to the river, and equally that the alluvium of the Kortelliar is 
greatly disproportionate to its river, which now flows in a deep channel. 

* For the discussion of these theories, the reader is referred to Mr. Foote's papers on tho subject 
of stone implements in Southern India in tho Madras Literary tlonrnal for October 1866, the 
Quarterly Journal Geological Society of 1868, p.484., and the Memoirs Geological Survey of India, 
Vol. X, pp, 64, &c. Also stone implements of Great Britain by John Evans, E.n.S., and lastly, 
to the r^um4hy Mr. W. T.‘ Blanford, in the Manual of the Geology of India (Vol. I, pp. 368^870), 
of the facts known about the low-level laterite. 
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The two valleys diverge at a place about ten miles east of the town of Aroot, 
and a small stream (or irrigation channel) still branches from *^tho P^lar here 
and flows down the Kortelliar valley for many miles and eventually joins the 
latter river. To this stream the natives have given the Sanscrit name of 
Yridacharanadi or ** old milk river, ” the Tamil name of the main river “ Palar, ” 
also signifying *‘milk river.” The alluvium occupying this valley consists of coarse 
gritty loose silicious sand of gneissic origin. 

The second case is that of the Nagari (Naggery) river, which in former 
Change of course of times appears to have fallen into the Namavarom river, 
the Nagari river. just south of the Bamagiri, and close to the village of 

Nagloperam. The present course of the river lies dovm the old alluvial valley 
for a jlittlo more than three miles east from the railway bridge. It then turns 
sharply south-east, leaves the alluvium, and flows through a cutting in the 
gneiss about a mile and a half long and falls into the Trittani river, which joins 
tho Kortelliar a few miles further east. In consequence of this the broad alluvial 
valley which runs between the Nagari mountain and the Alilair hills is now 
drained only by small streams and artificial channels. The alluvia deposited by 
the Nagari river both in its old and new valleys consist almost entirely of coarse 
gritty sand like that of the Palar. No alluvium appears to be deposited at 
present, but the streams seem to be cutting their beds deeper and deeper every 
season. 

No information was procurable from the natives as to the time when these 
changes took place, but the probability is that, geologically speaking, tljey are of 
very recent date, as may be inferred in the case of the Pdlir from the name 
given to the channel which still falls into the Kortelliar ; and in the case of the 
Nagari river, from the fact that the cutting through the gneiss by which tho 
liver escapes from its old alluvial valley presents every appearance of being of 
artificial origin, and must in that case have been the work of a people boasting 
some considerable civilization. 

The Soils and Sub-aerial Formations, 

Of the soils in North Arcot little need be said ; they appear, as a rule, to be the 
product of the weathering of the local rocks, or to have been brought from but tri- 
fling distances by pluvial action. The prevalent soils are red, and of these the 
sandy form is the most common. 

Of the sub-aerial formations the only really interesting and important 
ones are the taluses around the quartzite-capped mountains in the north-eastern 
comer of the district. As already pointed out, the talus accumulations are two- 
fold, and consist partly of great collections of well rounded shingle referable to 
the lateritio period, and above them of the angular unrolled debris detached from 
the great scarps by atmospheric agencies, which debris here now shows the deep 
ferruginous stain characteristic ci the lateritio shingle beds. On a greatly smaller 
scale, but still of considerable importance, are the talus accumulations on and 
around the newer Rajmahal and lateritio forihations in the Sattavedu, Alikur, 
and^Pyanur areas. ^These consist in . both cases almost entirely of well rolled 
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quartzite sliiuglo weathered out from the many important conglomerated beds 
occurring in both scries. 


Economic Geou)c,y. 

The information on this branch is not so complete as mighi, be wished, owing 
to the non-completion of the survey of the district. The granitoid gjoiss occupy- 
ing the greater part of tlie gneissio area offers nothing but building stone ; biit 
of this much is of great beauty and value, and has been very largely used for many 
large native buildings, as the forts at Vellore and elsewhere, and among European 
buildings, particularly in the construction of many railway stations, bridges, and 
culverts. 

The highly felspathic varieties of the grauite gneiss are tKicasionall y so greatly 
decomposed as to apj)car to offer sources for the collectiou 
of kaolin or China clay. When canying on the survey of 
the Vellore and Eudialthani ialuqs, 1 noticed various spots which appeared to mo to 
be deserving of attention with this object till 1 had seen some of the great China 
clay works in Cornwall, which I visited specially for the purpose of study when 
at homo in 1868. 


The conclusion I then came to was, that none of the North Arcot localities 
showed rocks sulBcicntly rich in decomposed felspar to he of much importance. 
The extent to which the Indian rocks have been penetrated by decomposition is 
greatly less than the Cornish I'ooks, and the quantity of clay wiiich would there- 
fore be procurable in India would, area for area, bo greatly smaller than in 
Cornwall. Added to this very serious ilisadvaniage is the difficulty of a suitable 
water-supply. To insure the preparation of kaolin of good color, which alone 
commands a high price, a very large supply of perfectly limpid water is a sme- 
tpm-non. This is not always easy to obtain oven in a rainy climate like that of 
tile south-west of England, where running streams are of frequent occurrence, 
and in a dry climate like that of the Carnatic, this want could only be met by 
the construction of special reservoirs of largo size, in which the water could be al- 
lowed to stand for many months after the rainy season, till all the suspended 
particles of ferruginous clay had settled, and the wnter itself lias become per- 
fectly limpid. If the great cost of providing such supplies of limpid water 
free from saline matter in an eminently dry countiy be taken into consideration, 
together with the fact that the kaoliniferous decomposed rock occurs in greatly 
smaller quantity, and is generally much less free from ferruginous staining due 
to the filtration through the almost universally overlying red soil, the conclusion 
seems inevitable that the prospects of establishing profitable China clay works 
in North Arcot are not very promising. 

To return to the subject of building stones : the rocks of the gneissic series 


Building stones. 


alone offer an inexhaustible supply, and localities which 
would yield first rate material in any quantity might be 


enumerated by the score, if needful. The mention of only a few must, however, 


suffice ; these are Palikonda hill, Vellore, Wandiwash, and Chiti)at, south of the 


Palar, and Ranipot, Sholinghur, and Trittani, north of that river. 

The quartzites of the Kadapa series are too hard and expensive in working to 
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be used except as rough building siones ; and the sandbtones of the Rajraahal bods 
are not hard enough, except in a verj few cases, to bo of much value. Neither Mr. 
Oldham, Mr. King, nor myself came across any that were fit for first class pur- 
poses, such as millstones or grindstones. Nor were any of the clay beds noted 
in tho Alikur and Pyanur areas of sufficiently good color to be of much value* 
The potteij^ clays used by the people are taken from tlio younger lateritic or 
alluvial deposits, and are, as a rule, of veiy inferior quality. 


On inr (o^^NTT^^^oN op the i?oai> sfciion from Muerbe to Abbottabap, 
by A B. Wynnt , F.(J S , Otoloyical Survey of India. 

In a former pnjicr (Vol VII, p Ct), I described the section from Murree 
to Kalalingh Post, along the upper or military road through tho giilis (“gullies”), 
as it is usually called. 

^Lt Kulabagh, the summit lecel of this road (about 8,000 feet by aneroid), 
the nummulitio limestone and shales of tlie hills are in junction with the azoic 
Attock slates of the* Mian-jaui-ka Chouki ran^e, this junction being apparently 
effected by means of a fault concealing all of the inter\oning rooks that may bo 
present. Hie slates are mnch folded and, about hall way between Kalabagh and 
Barngali, iuclndo a band of tli(‘ usual frill(*d, doloniitized, seemingly slightly 
altered and entirely untossiliferous limestone found elsewhere in these slates. 
It extends in the strike across the ridge supporting the road, and similar bands 
may he s((n projecting at the surface of a spur from Miaujani mountain, and 
forming the crest of another ridge running out westward from Baragali, in both 
cases with a northerly dip Near the last-named place the slates contain bands 
of hard dark grey or bluish silicious sandstones, and further on down tho steep 
incline to tho northwards at Bantangi purplish-red slab-slatc*s occur near the 
junction with tho limestones of the northern side of the great Mianjani slate tract. 

Tho junction here differs from that at Kalabagh, but Las scarcely loss the 
appearance of a faulted or dislocated contact, the plane of which is partly verti- 
cal and partly sloping to the noith, for on the western side of the Batungi Kad, 
the limestone, almost entirely concealed by dense forest, slopes upward and 
backward to the south, while the whole hill face on the opposite side of the 
Kad is of slate, as usual crushed, contorted, and folded. 

Jnst at the contact, where a purplish color pervades the slates in some 
place?, the next adjacent rocks are vertical light-colored quartzites, of small 
thickness, succeeded by compact and sandy limestones containing many impres*- 
sions aud sections of brachiopods, mostly of small size, many of tliem resembling 
casts of Terebratula ; some obscure spii^al gastropods, and some layers crowded 
with the curved fragments of small bivalves also occur. Those hard limestones 
have nothing beyond the most general similarity to tho hill nummulitic lime- 
stone beds ; they are often dark or nearly black, and some of tlie bluer layers 
present a curious hut characteristic yellow-mottled appearance frequently ob- 
iMrved in the limestones of the Dungagali and Ghauglagali road, where these 
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have been supposed of triassic age, for which, however, there seems little more 
•than a conjecture on the part of Dr. Waagen, as the fossils, when the beds contain 
any, are mostly very obscui'e. Other beds show a tangled mass of fucoids on the 
surfaces. These limestones are largely distorted, forming at first a complex 
synclinal curve crossed by the throat of the Batuugi gorge. Before leaving this 
narrow part of the gorge and turning eastwards towards Bagnotur, the road crosses 
a small hollow in the limestone hills north of the synclinal arrangement of the 
beds. In the hollow and on the slopes on the opposite side of the Kad some 
small dogas or field terraces show the waste of dark shaly rocks, so that possibly 
some fragment of Spiti shales may here occur, to mark a boundary. Beyond 
this hollow and until the road has curved eastward, the dark limestones become 
more like the lowest of the nummulitic ones; they contain disseminated and 
nodular pyrites and a thin band or bands of very dark coloured ferruginous clay 
with rounded quartz grains and spangles of mica, but no fossils could be 
detected. Just at the turn some broken and detached portions of what may 
once have been a more continuous layer of dark ferruginous oolitic hematite 
clay is enclosed among the limestone beds. It has slight resemblances to the 
golden oolite of the Salt-range and Kach, but is not identical with that rock. 
A little way beyond it the liruesione, if it has any general dip, slopes southerly, 
and the first distinct traces of nummulitic fossils appear in foraminiferous forms 
distinguishable with a good lens, amongst them tljo little organisms referred to 
in a former paper (Vol. X, p. 114), and tiny ItotalinaAAk^ forms, as well as 
little numraulites, most of which might escape observation with unassisted eyes. • 

At Bjignotur one has descended some y,2d0 feet (aneroid) from Kalabagh, 
wdthin a distance of five miles by the road (much less in a straight line), and 
just before I'oaching the bungalow or rest-house, the Attock slaics again 
appear, occupying, beneath enormous masses of debris, the lower part of this 
valley and that of the river Dove condng from the eastward, which here unite. 
The slates continue in this position, chiefly on the south side of the Doro valley, 
uniting eastward with the main mass of the Mianjani exposure, so that the lime- 
stones just now mentioned form a tongue stretching in the direction stated from 
those occupying much of the northerly parts of the lower Hazara hills. As it 
is the nummulitic part of these limestones which occurs in junction with the 
slates and not one of the older grouj)s, it may be presumed the contact here 
again is effected by a fault. 

Following the Abbottabad road from Bagnotur downwards to the bridge 
over the Doro, 670 feet below tbe bungalow, another apparently faulted junction 
with the limestones is crossed before reaching the lowest point. These lime- 
stones dip north-westward, are strong-bedded, compact, and of dark-grey colour, 
containing small fragmentary fossils, amongst which I observed the basal portioti 
of a shark-like fish tooth. They are sometimes semi-oolitio, and sometimes 
contain knots or blebs of carbonate of lime, the whole assemblage having the 
aspect of the supposed triassic limestone of these hills. 

Where the Dore bridge spans the chasm below this pomt, similar limestones V 
dip at high angles to the eastward, and rising from the bridge high or^, the , 
northerly channel of the stream, they are seen to include a 10-foot bah^: 
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purple and light-coloured ferruginous shale lying between dolomitic and dark 
lumpy bands. Farther on dirty brown limestone is full of shell fragments, and * 
again solid limestone alternates wdth shaly bands. 

This gorge is the most profound traversed by the rood ; on one of the 
mountains close to the westward, overlooking it, a height is marked of 6,645 feet ; 
and supposing the stream to bo 4,200 feet, the section exposed in the steep 
mountfun side may be nearly 2,000 feet in height. The rocks for about a mile 
in the nan*ow part of this gorge are all of tlie iriassic aspect just now described, 
and they are seen to be contorted in the wildest fashion, a group of hard beds 
showing their edges vertically for some hundreds of feet, and standing as it were 
upon a strong horizontal outcrop below, as well as presenting in other places a 
variety of compresstjd curves. Leaving the narrow pai*t of the gorge and 
descending into the valley of a small tributary from tlie oast, the Attock slates 
aro again exposed, forming a small denuded inlier, beyond which northwards 
crags of the disturbed triassic- looking limestone reappear. Just beyond this, 
the Doro i*iver bends to the west, and in its further bank (the left), there is an 
exposure of black Spiti shale with fragmentary Ammonites and many Belemniios 
as usual. From this onwards, the road rises high above the right bank of the 
river, and passes along cuttings in mnch contorted nummulitic limestone, with 
two or three exposures of black coaly or carbonaceous shale, associated with 
ferruginous and quartzite sandstone. Black shales are also seen cropping out 
at the lower part of the limestone cliffs on the opposite (southern) side of 
the river. 

As the valley opens and the road enters the little Hat of Damtour, lime- 
stones of triassic aspect come out from under the nummulitic onqi,s, and form the 
face of the hill east of the village. Beneath these limestones arc seen ibe 
Attock slates with a high easterly dip, and the lowest bed of the limestone scries 
above, resting directly upon the slates, is a sandy conglomeratic one enclosing 
fragments of the underlying shite group, as observed in the Sirlian mountain 
sections ; hut it is worth notice that the largely developed masses of *red sandy or 
earthy ferruginous beds and greyer silicions dolomites representing the Infra-trias 
group of that adjacent mountain are here absent. 

From Damtour onwards the road passes among and over the deep dctrital 
deposits of the Abbottabad plain. 

The mountains to the castwai’d repeat, with numcrons disturbances and 
dislocations, the features of the Sirban mountain section, described in Memoirs 
Geological Survey, Vol. IX, Art. 3. The Spiti shales aro locally more largely 
developed, and likewise fossiliferous Bclminite and A?/<wow?'ite-bearing sandstones, 
which may be a portion of those referred to the Gieumal group. The Infra-trias 
cherty dolomites are largely present in the northern parts of these mountains, 
but appear to bo capriciously distributed, sometimes alternating with sub-fossili- 
ferous bands having entirely tlic triassic aspect, and in places occurring in some 
force before they rather suddenly disappear to the southwards. Their connexion 
with the Tanol group of Hazara is stjongly suggested by the sections in the 
northern parts of those hills, and will be referred to in a separate note. 
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DONATIONS TO THE MUSEUM, 

1st July to SOth Septembeb 1879. 

Donors. 

Coal-shalo with Vertehrarlat from Wallerawang, Now South Wales. 

Coal -shale with Olossopterisf sarac locality. 

(Through V. iialJ, Esq.). 

PnopESSoii Boyd Dawkins. 

Eight specimens of minerals and rocks (all mciamorphic) from above 8,0U() foot 
on the Safed Koh, near Gandamak. 

Majou 11. C. B. Tanner. 

White quartzite, highest peak of the Safed Koh. 

Whit(' marble from Safed Sang. 

Soa])stone, Terakai hill summit, above Murkekhcl. 

G. B. ScoT'p, Esq. 

A collection of rock fragments and pebbles, many rolled and imperfect fossils, ami 
small samples of soil from botvv()on the Kliojah Pass and 
Sugari Barkhan. (See Pro. Asiatic Society, Bengal, Juno 
1879.) 

Lieutenant R. C. TiiMruB. 

Geological specimens, mostly small rock-fragments and some fossils, cretaceous 
and tertiary, from Southern Afghanistan. (See Pro. Asiatic 
Socict}^ Bengal, August 1879.) 

SuTiaEON-MAjoR, C. E. OiiDham. 


• ADDITIONS TO THE LIBRARY. 

From 1st July to 30Tn SErxEMiiER 1879. 

Titles of Boolcs. Donors. 

Bigsby, J. J. — Thesaurus Dcvonico-Carboniferus. The Flora and Fauna of the 
Devonian and Carboniferous Periods (1878), 4to, fjondon. 
Boyd, R. Nelson. — Coal Miues Inspection, its history and results (1879), 8vo, 
London. 

Doyle, P. — Tin Mining in Larut (1879), 8vo, London. 

The Author. 

Haeckel, Ernst. — The History of Creation, Vols. I-II (187C),8vo, London. 
Harrison, W, Jerome. — Practical Geology (1878), 8vo, London. 

Hahtig, Dr. Theodor. — Anatomic und Physiologic der Ilolzpflanzen (1878), 8\^o, 
Berlin. 

Hughes, A, W. — A Gazetteer of the Province of Sindh (1874), 8vo, London. 

W. T. Blaneorp, Esq. 
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Titles of Books, Donors, 

Lindlet, Dr., and Hutton, W. — ^Illustrations of Fossil Plants (1877), 8vo, 
London. 

MoCot, F. — Prodromus of the Paleontology of Victoria, Decade IV (1876), 8ro, 
Melbourne. 

Morris, John. — C atalogue of British Fossils, 2nd Edition (1854), 8va, 
London, 


F, Fbddbn, Esq. 


Owen, Richard. — Memoirs on the Extinct Wingless Birds of Hew Zealand, 
Vols. I and II (1879), 4to, London. 

Royal Society’s Catalogue of Scientific Papers, Vol. VIII (1879), 4to, London. 

RtTTLET, Frank. — T he Study of Rocks (1879), 8vo, London. 

Ruhlmann, Dr. R. — Die Barometrischen Hohenmessungen (1870), 8vo, Leipzig. 

Smyth, W. W., Reeks, T., and Rudler, F. W.— Catalogue of the Mineral CoL 
lections in the Museum of Practical Geology (1864), 8vo, 
London. 

Thomas, J. W. — A Treatise on Coal, Mine-Gases, and Ventilation (1878), 8v^o, 
London. 

D. S. Geological Exploration of the 40tb Parallel, Vol. I. Systematic Geology 
by Clarence King (1878), 4to, Washington. 

C. King, Esq. 

Vega’s Logarithmisch Trigonomctrisches Handbuch (1878), 8vo, Berlin. 

Watts, Henry. — A Dictionary of Chemistry, 3rd Supple., Part I (1879), 8vo, 
London, 


PERIODICALS, SERIALS, &c. 

American Journal of Science and Arts, 3rd Series, Vols. XVII, No. 102, and 
XVIIT, Nos. 103-104 (1879), 8vo, New Haven, m 

The Editors. 

Annalcn der Physik und Cheniie, New Series, Band VII, heft 2-4 (1879), 
8vo, Leipzig. 

Annales des Mines, 7th Scries, Vol. XV, livr. 1-2 (1879), 8vo, Pans. 

L’Adminis. DBS Mines. 

Annals and Magazine of Natural History, 5th Series, Vols. Ill, No. 18, and IV, 
No. 20 (1879), 8vo, London. 

Archiv fur Natjjrgesohichtc, Jahrg. XLV, heft 3 (1879), 8vo, Berlin. 

Athenaeum, Nos, 2694-2706 (1879), 4to, London. 

Beiblatter zu den Annalen der Physik und Chemie, Band III, Nos. 6-8 (1879), 
8vo, Leipzig. 

BibliothSque Uniyerselle et Revue Suisse, 3rd Series, Vols. II, Nos. 4-6, and III, 
No, 7 (1879), 8vo, Lausanne. 

Biblioth^ue Universello. Archives des Sciences Physiques et Naturelles, 3rd 
Series, Vols. I, Nos. 3-6, and II, No. 7 (1879), 8vo, Geneva. 
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Chemical News, Vols. XXXIX. Nos. 1020-1022, and XL, Nos. 1023-1032 
(1870), 4to, London. 

Colliery Guardian, Vols, XXXVII, Nos. 962-965, and XXXVIII, Nos. 966-974 
(1879), foL, London. 

Geological Magazine, New Series, Decade II, Vol. VI, Nos. 6-8 (1879), 8vo, 
London. 

Iron, New Series, Vols. XIII, Nos. 335-337, and XIV, Nos. 338-347 (1879), foL, 
London. 

Journal de Conchyliologie, 3rd Series, Vol. XIX, Nos. 1-2 (1879), 8vo, Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 
5tli Series, Vols. VII, No. 45, and VIII, Nos. 46-47 (1879), 
8 VO, London. 

Mining Journal, with Siipplcmont, Vol. XLIX, Nos. 2285-2297 (1879), fol., 
London. 

Monthly Journal of Science, 3rd Scries, VoL I, Nos. 66-68 (1879), 8vo, London. 

Nature, Vol. XX, Nos. 502-514 (1879), 4to, London. 

NaturfB Novitates, Nos. 1-16 (1879), 8vo, Berlin. 

Neues Jalirbuch fiir Mineralogie, Geologie, nnd Palceontologie, Jahrg. 1879, heft 
5-7 (1879), 8vo, Stuttgart. 

Palfeontographica, Supplement III, Lief III, hcift 3 (1878), 4to, Cassol. 

Peterniann's Geograpbische Mittheilungen, Band XXV, Nos. 6-8 (1879), 4to, 
Gotha. 

Petermann’s Geographische Mittheilungen, Supple. No. 58 (1879), 4to, Gotha. 

Professional Papers on Indian Engineering, 1st Series, Nos. 9, 11 and 22, 2nd 
Series, Nos. 30 and 33 (1869, 1878, .and 1879), 8vo, Boorkce. 

TirOMASON COIiLKGB OF ClVIL ENGINEERING. 

Quarterly Journal of Microscopical Science, New Seiies, No. LXXV (1879), 
8vo, London. 


GOVERNMENT SELECTIONS, &c. 


Inuia.— Indian Museum: Annual Reports, Lists of Accessions, and selected 
Extracts of Minutes, April 1878 to March 1879, Vol. X 
(1879), 8vo, Calcutta. 

The Trustees. 


Lists of Officers in the Survey Departments on the 1st July 1879 (1879), 
fisc., Calcutta. 

Home, Revenue, and Agriculture Department. 
Selections from the Records of the Government of India, Foreign De- 
partment, No. 168. Annual Administration Report of tlie 
Garo Hills for 1878-79 (1879), 8vo, Calcutta. 

Foreign Department. 


Madras.— Report on the Administration of the Madras Presidency during 
1877-78 (1879), 8vo, Madras. 

Madras Government. 
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TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 


Titles of Boohs, Donors. 

Batavu.-— Natuurkundig Tijdsclirift voor Nederlandsch-Indie, Docl XXXVIII 
(1879), 8vo, Batavia. 

The Society. 

Beulin. — Monatsbericlit der Konig. Preuss. Akad. der Wissenschaften zu 
Berlin, March, April, and May (1879), 8vo., Berlin. 

The Academy. 

„ Zcitschrift der Dentsclicn Geologischen Gesellschaft, Band XXXI, 
heft I (1870), 8vo, Berlin. The SociETy. 

„ Register zn dem XXT bis XXX ban do ditto ditto, (1869-78), 

8vo, Berlin. 

The Society. 

Bristol. — Proceedings of the Bristol Naturalists’ Society, New Series, Vol. IT, 
Part 3 (1879), 8vo, Bristol. 

The Society, 

Brussels. — Bulletin dc la Societe Beige do Geographic, 1879, Nos. 1-2 (1879), 
8vo, Bruxelles. 

The Society. 

Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vol. XLYIFI, 
Part I, Nos. 1-2, and Part II, No. 2 (1879), 8vo, Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No.s. 6-7 (1879), 8yo, 
Calcutta. 

The ‘ Society. 

„ Memoirs of the Geological Survey of India, Vol. XVI, Part 1 (1879), 
8 VO, Calcutta. 

The Survey. 


„ Paljcontologia Indica, Series IT, Part 4 (1879), 4to, Calcutta. 

The Survey. 

,, Records of the Geological Survey of India, Vol. XII, No. 3 (1879), 
8vo, Calcutta. 

The Survey. 

Christiana.— Broggbr, W, C. — Om Trondhjemsfeldtets Midlere Afdeling Mellem 
Guldalen og Meldalen (1877), 8vo, Phi. Christiania. 

The University. 

„ Kjerule, Dr. Theo. — Om Stratifikationeus Spor (1877), 4to, Phi. 
Christiania. 

The University. 

,, Reusch, H, H. — Grundfjeldet i Sondre, Soxidmor og on Del af Nordf- 
jord (1877), 8vo, Phi, Chrij^tiania. 


The University. 
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Chrtsttana.— Beusch, H. H.— Tagttagelser over isskuret-Fjeld og foi'vitret 
Fjeld (1878), 8vo, Plil. Christiania. 

The University- 

Dresden. — Sitzungs*Borichte der NaturivisscnRchaftliclierj Gresellschaft, Isis in 
Dresden, Juli-Dccembor 1878 (1879), 8vo, Dresden. 

The Society. 


Dublin. — Journal of the "Royal Geological Society of Ireland, New Scries, Vol. 
V, Part 1 (1878), 8vo, Dublin. 


The Society. 


DniNBURon. — Transactions of the Royal Scottish Society of Arts, Vols. IX, 
Part 5, and X, pt. 1 (1878), 8vo, Edinburgh. 


The SOCIETY; 


Glasgow.— T he Glasgow University Calendar for 1879-80 (1879), 8yo, Glasgow, 

The University. 


London.^ — Catalogue of the birds in the British Museum, Vol. IV (1879), 8vo, 
London. 


The British Muskitm. 


Illustrations oB the typical sx)eciniens of Lepidoptera Heterocera in the 
collection of the British Museum, Part II, by A. G. Butler 
(1878), 4to, London. 

The Museum. 




Index to the Collection of Minerals in the British Museum (1878), 
8vo, London. 


The British Museum. 


Journal of the Anthropological Institute of Great Britain and Ireland, 
Vol. VIII, No. 3 (1879), 8vo, London. 

Journal of the Iron and Steel Institute, 1871, No. 2 ; 1872, No. 1, Part 
I, and Nos, 3 and 4 ; 1873, Nos. 1-2 ; 1874, Nos. 1-2 ; 1875, 
Nos. 1-2 ; 1876, Nos. 1-2 ; 1877, Nos. 1-2 ; and 1878, Nos. 
1-2. (1871-78), 8vo, London, 

The Institute, 

Transactions of the Iron and Steel Institute, Vol. I, Nos. 1 to 6 
(1869), and No. 7 (1870), (1869-70), 8vo; London. 

The Institute, 

Journal of the Royal Asiatic Society of Great Britain and Ireland, 
New Series, VoL XI, Parts 1-2 (1879), 8vo, London. 

The Society. 
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Titles of HooJcs* Donors 

LoKDON.— Journal of the Society of Arts, Vols. XIX (1870) to XXVTT, Nos 
1357-1300 (1879V (1870-79), 8vo, London. 

Tui SociciY. 

„ I’roccodinp^s of tho Uoyal Ocographical So<*iefy and Monthly Record 
<)1 (Joogi’iiphy, Now Sorits, Vol. I, Nos. 0 to 8 (1879), 8vo, 
London. 

The Society. 

„ Proceedings of tho Rojal Institution of Great Britain, Vol VI IT, 
Parts 5-(>, Nos. G8 and (59 (1878-79), 8vo, London* 

Tjir IvsniuiE. 

„ Proceedings of the Royal Society of London, Vols. XXVIIT, Nos. 
194-195, and XXIX, No. 190 ( 1879), 8 \ o, London. 

The Socinr 

„ Philosophical Transactions of tho Royal Society of London, Vols. lt)7, 
Parts 1-2 (1877), lt)8, Farts 1-2 (JH7H), and 1G8, c\lra 
Vol (1879), and Vol. 1(>9, P.iits 1-2, with list of Fellows for 
1878 (1877-79), 4to, Loudon. 

Tiin SocTciY 

„ Pisjcecdings of the Zoolocd^’J^l Society of London, Part TV, 1878, and 
Parts 1 and Jl, 1879 (1878 and 1879), 8vo, London. 

Toe SiKiriY 

„ Transactions of the Zoological Society of London, Vol. X, Parts 10-12 
(1879), 4to, London. 

Tjie SocTEaT. 




Quniterly Journal of the Geological Society of London, Vol. XXXV, 
No. 138, Part 2 (1879), 8vo, London. 


Tup SodriY. 


„ Hay Society. — B uckton, G. B. — Monogi*a]>h of tho British Aphides, 
Vol. ]J (1879), 8^o, London. 

MADJRin- Boletin de la Sociedad Gcografica do Madrid, Vol. VI, Nos. 4-5, and 
Band rV, No. (5 (1879), and Vol. VII, No. 1 (J879), 8yo, 
Madrid. 


The >SorirTY. 


MANCHKBTBR.—Transactions of tho Manchester Geological Society, Vol. XV, 
Nob 3-6 (1878), 8vo, Manchester. 


The Society. 


METiBOVEVB. — Mineral Statistics of Victoria for 1878 (1879), fisc., Melbourne. 

MmNr, Deparimbnt, Victoria. 

Report of the Chief Inspector of Mines to the Hon ’hie the Minister 
of Mint's for 1878 (1879), flsc., Melbourne. 

Mining Lefartment, Victoria. 
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Titles of Moks Donors. 

Meluockne.— R oportfi of ilio Mining SuTVoyors and Jlt^oislrar^ for quarter end<» 
ing 31si Marcli 1870 (1870), tKc., M(‘Uxmrno. 

Ur NT, Vl<‘T01?lA. 


Transactions and Proceodings of tho Ro^al Sociolj" of Victoria, 
Vol. XV (1870), 8vo, Melbourne. 

Tni. Sodnrr. 


Mosoou, — Bulletin de la Societ/^ lTH})4riale des Nnhiralisstes do Mosoon, Vol. LIJl, 
Xo 3 (1878), 8vo, !Mo^eou. 


Tt[L Scx’Trry. 


Munohl’N — Abliandlunii^n dor Maihcnmtisoli-Pliydlvnlisehon (’lasso d('r Kdnig- 
lieli lbi^(‘risoheu Akadomiedor Wissonsobafton, Band XI If, 
Abtli. 2 (1870), Ito, ^rniicbon. 

Tm A(\T>TMr. 


,, liAMONJ, Dk. J. V. Motoorologisohc und Magnei isoho Bcobac liluni»(*n 
der k. >Storuv\aite boi Miinelu^n 1878 (1870), 8v<), Ahnudiou. 

I’nij A<ai)imt. 

,, Silznngsborielilo d< 1 * Math-Phjs (^In^^so <1 it Iv. B. Aoad(nni(* dor 
Wis>^eiiscliait(*n, liott 1-1 (1878), and beft 1 (1870), 8vo, 
Miiuebcn. 

.Tilll Af'ADtMY, 

„ Uober die Cbemiscbo Rynibeso (1878), Uo, Muncben. 

Tirn AcnnuMY. 

New Zealand. — T liirtoonlb Annual Report on tlio Colonial Mimeum and].iabora- 
iory of New Zealand (1878), Hvo, New Zealand. 

Croli. SlUVItY, XkW Zl'ALAND. 

PAins, — Bulletin de la Roei(:to Gcologiquo do Praneis 3rd S(‘iies, Vol. V, 
pp. 8(53-808 (1877), and Vol. V, No. 12, and Vll, No. 2 
(1870), (1877 and 1870), 8vo, Pam. 

Tife SoeruTr. 

PHlLAPEErnTA. — Journal of the Franklin Institute, 3rd Series, Vols. LXXVII, 
No. 6, and LXXVJII, Nos. 1-2 (1870), (1870), 8vo, Pbila- 

. dclpliia. 

The Institute. 

„ Proceedings of llio Academy of Natural Sciences, Parts l-FII, 

(1878), 8vo, Pbiladolphia. 

Thb AeiDRitfy. 

Proceedings of the Amoriran Philosophical Society, Vol, XVTIT, 
No. 102 (1878), 8vo, PlJJadelpbia. 


The SociEtT. 
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7V/fs of Hooks. DouoiS, 

Pisa. — A lti della Socicta Toscana dt Scienzo Natnrali, Vol JV, 1 (187l>), 8^0, 
Piba. 

Till] Soc'inrT. 

„ Pmcessi verhali <lolla Rociota Toscana di Scienze Natural], 11 Maggio 1879, 
(1879), 8vo, Pisa. 

Titf) Society* 

PoMl) — Aiii della Ilealo Aeeacloinia dei Liacci, Series ITT, Ti’ansiinfi, Vol. ITT, 
flse., C and 7 (1870), 4to, Rome. 

The AcADinn 

Salem. — Proeo^'diugs of tlie Amoncan Assoeia+iou J‘or the Advanceinent oX 
Scienee, V{)1. XXVJ (1878), 8vro* Salem. 

The Assocr\TioN. 

SiNOAVORE. — Journal of ibe Siraits Braueh of the Roval Aniatie Society, No. 2 
(1878), (S\o, Singapore. 

The SocrRiY. 

S'l. Ppirasnnio. — Memoires <iii L’ Aeadeinie fmpt^riale des Soieneosd(‘ St Peters- 
houvg, 7ll I Series, Vol* XXVJ, Nos T)-] I (1878-70), 4to, 
St r(‘terslM)urg. 

Tfie Acvmmy, 

ToiiONio. — The Canadijin Journal : Proceedings of the CJanadian Institute, Now 
• ' Series, Vol. 1, Part 1 (1879), 8vo, Toronto. 

The iNsniTTE. 

TeiUN.-^Atti della R. Aceademia delle Scieiiz<» di Torino, Vol. XTV, Nos. i-5 
(1879), 8vo, Torino. 

The Academy. 

„ Bollcttino deir Osservatorio dtdla Hegia IlniYersita di Torino, Anno 
XT 11 ( 1879), Obg. 4to, Torino. 

Tup Academy. 

Vienna. — Jahrbucli dor k. k, (leologisclien ttcicliRansialt, Band XXVJ 11, No. 4 
and XXIX, No. 1 (1878-79), 8vo, Wien. 

The Institute. 

„ Vcrhandlungen der k. k. Crpologisehen Reiehsanstalt, Nos. 14-18 (1878), 
and Nos. 1-d (1K7!>), (1878-70^, 8vo, Wion. 

The Institute: 

Washinoton.— -Annual Report of the Board of Regents of the Smithsonian In- 
stitute for 1877 (1878), 8vo, Washington. 

The Institute. 

„ Bulletin of the United States Geological and Geographical Sur- 

vey of the Temtories, Vol. IV, Nos. 3-4 (1878), 8vo, Wash- 
ington. 


The Survey* 
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Titles of fioit/cif. Ponois 

Wa^itinoton — IT\T iti\, K V —Tenth Amuml llej)ort of llu Unitr<l Stntos (l(‘o- 

mid GeoiifiMpliie il Sp?‘\oy of flu’ T(MTilorit“^ oDihruciTijv 
C’oJoradd, and juvHs ol ntljjici nt haritories H\o, 

Washington. 

TliV, SlIUVIlY. 

llniii'd States CJcologieal and (It'ograpliical Snrv<‘y. iset'llane- 
ons jmhlieations, No. XI. Jhnls of the Coloj*ado Valley, !>;> 
K. Cowes, Cart 1 (Ib/S), ^yo, Wasliiiigton. 

Tnn SLit\Ly. 

j Kcfiort of tJie (\>niniissiom‘r of Aerienlture for ]b77 (lS7"i), 8\n, 

Wash ini’ ton. 

CoMMlSSTuM31l OK AGl!I(H0/irJ7r, IJ, S. 

Weminoton. — T ransaetioTiH and IVooeedings of the Xew Zealand In,stiiiit(‘, 
VoJ. XI (ls7l>), bro, Wellington, 

Tiin iNsiiiP'iK. 

Yokohama. — Milthcilnugtii di r Deniselion (h'-.olKehafl fiir Xatiir und \'olLer- 
kujule Ostasiens, licit XVI 1 (lh7'd), Use., Yokoliaina. 

Tun Soon i \ , 

, Tian ,K lions ol tJi(‘ Asiah’e )So(*iet} of »lapan, Voh VII, Part 3, 

( l'^7*d K S\u, Yokoli inui. 


Tur S<icii lY. 







